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THE LIFE CYCLE AND BEIHAVIOR
OF CERCOLEIPUS COELONOTUS
(ACARINA: MESOSTIGMATA)

Tnetuding a Swrvey of Phoretic Mite Associntes of
Cidifarnin Seol ylide

HY
LN KINN

ENTRODUTCTTION

Bagk meerees kill more stinding timber than any other agent ineluding fire
(TR5.1A. Farest Hesowree Report Noo 14, 1958), and thus constitute o major
theeat to one of our important natural resources, Sinee it is often impractical or
undesirable to treat infestations chemically | Carson, 14962, Rudd, 1964), maore
attention is now being given to the study of natural control agents (Beal, 1965,
MeGuean (19620 urged support of reseaveh dealing with natural enemies of
forest pests nnd stressed their importance in the overall popalation dynamies of
pest spreies. Also, Voite (19641 has pointed out the nesessity of studying noxions
imsects under endomie g well sgopidemio conditions.

Mites wree an important group of natural eontrol gpents which hove been largely
overlopked (Rust, 1934, Samainik (1966) stated that the nse of purasitie mites,
ameh as Pyemales spp., o condval Lorest pests appears less dangerous than the use
af some echemival substanees, Therefore, the aeeumulation of baste ecological in-
formation on forest acarines may bave future application in the dugmentation of
these natural eontrol agents.

Of the numerous mites associnted with Tps confusus (LeConte) several belong
to the Trigynospida of the suborder Mesostigmata, Beeause of the seant knowledge
ol st speeics and because of the pessible importanee of mites en the population
dyvnamics of bark beetles, one species, Cercoloipies coclanotus Kinn, was seleeted
for thisinvestigation (Kinn, 19707,

FOREST ACARINES

Perlaps the most thoronghly studisd of the forest aeari have been soil mates,
Mites are the most numerons of all soil metazonns (Eaton and Chandlee, 19423,
heing most abundant in the upper T 1o 10 em of humns and feaf litter {Wallworls,
1958), Soil oribatids feed upon dead eollembaola and earthworms, fungi, and
fullen loaves and twigs {Biveh and Clapl, 1953), thus redueing these materials
into erude mineral nand organie matter (Jacot, 1832; Crossley and Witkamp,
1964, The high density and feeding habits of these organisms are therefore of
ponsiderable mportanee to soil Tertility ( Hartenstein, 19627,

This study is bosed oo a thesis sibitted o dune, TG0, to the Gesduate Tivision, Tnivorsity
of Californin, Boerkelay, in portial fultllment of the requirements for the degree of Doctor of
Philosephy In entomalogy. The résearel was sapported in part by n predoetoral fellowship grant
from the Tnited States Public Health Sorvieo, knd travel funds wore providil by the Walker and
SBurdns Foundations, the California Division of Forestcy and various forest indoatries.
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The importance of these organisms to the forest economy extends far bevond
soil fertility. Some mites, such as those of the families Eriophyidae and Tetranyeh-
idae, eause direct damage to trees and others may vector pathogens, Jacot (1934,
1936) suggested that tyroglyphid mites found associated with Seolytus mauliistri-
atus Mursh muy earry spores of Cerafocystis wimi (Buis.) Moreau and thus may
Le a eontributing factor in the spread of Duteh elm disease, Deutonymphs of
Histingagler fungivorar Jacot, Monieziella arborea Jacot, and Tyroglyphas sp,
earry the spores of Ceratocystis ips (Rumbald) on their legs and setae. Miero-
seopie examination of mites removed from bark beetles of the genus Ips, and
cultures made from them, proved that spores of € ips can be disseminated by mites
{ Leaeh, Orr, and Christensen, 1934),

On the other hand, mites, along with insect parasitoids, have boen implicated
in the termination of an outhreak of Dendroctonus fronfalis Zimm, in Texas
{ Beal, 1965). In laboratory rearings up to 62 percent of the first brood emerging
{from logs earried mites (Hetrick, 1940), Fronk (1947) found six species of mites
associated with D, frontaliz, Of these, Histiogaster carpio (Kramer) and o Para-
situs sp. were ohserved to feed upon the beetle larvae, Moser (1965, personal eom-
munication} has found over sixty mite species associated with trees infested with
D, frontalis and Tps spp.

The value of mites in the eontrol of forest pests has never been fully determined
{(Bamgindk, 1967), Rust (1933) found numerous individuals of four species of
mites associated with Ips pind (Say). Of these, a species of Parasitus [Iponemus
truncatus {Ewing) according to Lindguist (1969)] wns observed to devour from
10 to 85 percent of the eggs of this beetle, Rust (1933) suggested that an average
of 50 pereent of some bark beetle broods may be destroyed by mites, Up to 33 per-
cent of the lurvee of Dendroctonus psendofsugee Hopk, were destroved by a
complex of mites consisting of Calvelin sp., Digamasellus quadriselus {Berl.),
Lasioserus sp., Povasitus sp., and Uropoda sp. (Walters and Camphell, 1955).
Sinee the parent adults are relatively free of mites after establishing the first
hrood, predation was found to be eonsiderably less on the second brood.

Not all of the mites assoclated with bark beetles are predaceous on the beetles,
In the past these have been divided into three eategories (Wichmann, 1927; Riley,
18520+ (1) those using the inseet anly a5 a means of dispersal, (2 thosge which are
predatory on other mites associated with the inseet, and (3} true parasitie species,
The last category should also eontain mites predaceous upon the inseet, Mites
which feed upon predacesus, parasitie, or inquiline organisms present in bark
beetle galleries may eontribute to a higher survival of the beetle brood. Myeeto-
phagous mites may aid bark beetles of the genus Ips and other polygamous genera
by preventing fungi from blocking the galleries, Some mites, sueh as Pyemotes
ventricosus (Newp.), attack both the beetle larvae and the larvae of hymenop-
terous parasites (Schvester, 1957), and the trombidiid, Atomus rhopalicus Ver-
cammen-Grandjean and Popp, destroys the chaleid, Rhopalicus tuteln Walker, a
parasite of Ips typographus Linn, (Vereammen-Grandjean and Popp, 1967).
Other mites feed on parasitie nematodes, Massey (1962} noted that Tps confusus
{LeClonte) infested with Contortylenchus elongatus (Massev) had rednesd e
produetivity, and Beal (1965} claimed nematodes were largely responsible for
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terminating an oulhreak of Seolyfus venfratis LeConte in New Mexieo, However,
nematodes and mites have nol been shown to be effective eontrofling agents of
Denidroctonus terebrans (Ohv.) (Smith and Lee, 1957). In some situations nema-
todes whieh feed upon fungi disappear when eompeting with fungus-feeding
mites ( Baker, Brown, and James, 19545, Gossard (1913) conelnded that the many
wites fornd in the ealleries and elinging to Phleestribus (iminaris (Tarris) are
not parasitic but fecd on exercment.

Dindvoctsnus frantaliy adults huve been Taden with as many as forty uropodid
wites pnd ns o result were unable to by (Fronk, 1947). Atking (1959, 1961) found
that mites of the gencen Digamaseling, Vidin, aud Crapoda hand no effect on the
duration af fieht of D peewdetswgae, Towever, they did have an effoet on wing-
heat {requeney when elustered at the tips of the elytra (Atkins, 19607, It was
sucgested that the mitesacted as a loading mechanism redueing e wing-heat
fregueney and thos may affeet the distanes of fliwht,

Mites hsve long been known te veetor diseases of man, various animals anid
plants (Green, 1957}, However, until recently. they were not known to veetor
pathogens of inseets, Saméindk (1964} sngeested that anoetid and searid mites,
which often food on the badies af dead ingeets, #ome in eontact with spores of
ingeet disease orpinisms, He showed that Tyeeaphagies pidr seenfiae (Seheank)
transmitted Beaveria bassiona {Bals-Criv.) Vaill, from Galleria mellonella Linn,
killed by this fungus to healthy inseets of the sane species. The miites are ol
harmed by the funzus, A similae role may be playod by some ol the Avaridel as-
sociated with bavk heetles

Mrre-TIARK BERTME ABSOOIATES

As early s 1880, Haller noted that of all the inseet orders, the Coleoptera are
the most heavily infested with mites, Liw (1867) and Luoens (1867) reported
finding a small gumasid mite assoeinted with yplesins frosind Fab. Thaller {1880}
mentioned that a rapode sp. was found in asseeintion with dead sealytid larvac
and pupae, Mites of the genera Sefus and Bdelle lave heen reported from the
palleries of 1. pseudotsngar (Chamberling 1918, and Swaine (1415) abserved hed
some hark beetles in Canada are heavily parasitized be mites, Miteg of the genus
Sofug attacle all stages of Pitysgenes hopliiist Swaine (Blackmian, 191575,

Muel of the lerature denting with mites assoeiated with burk beetles comsists
af taxonomie deseriptions and svneptie lists (Vitzthum, 1923, 1926; Kleine, 1944,
Conreman, 1963: Thatelier, 10607, Others only mention that mites ave assoeinted
with g ziven speeies [ Kabie and Gicse, 1966 Chod jai, 1963). However, {rom such
abservations it s appareent that mites Teom diverse Gunilics gee asaneinted with
gk Beetles, Hunter and Davis (1963 found six mite speeies assoeinted with
cioht spoeies of Tps. These belong to the mesostizmatid families Dicamasellidas
and  ropodidae, the trombidiform families Tarsonemidas, Pyemolidae, and
Erevoetidae, and the spreoptiform family Anovtidae, Stark wnd Borden (1065
sollectod mites of the families Tropodidae, Asecidas;, Tarsenemidae, Pyemotidae,
Erevnotidae, and several Oribatel from the galleries of 8. venfrafiz, Tt has been
reported that fifteen speeieg of mites nre assoelated with Deadroctonus pondoresae
Hopk. (Anonymous, 1R,
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MESOSTIGMATA

Aseidae (= Blattisoeidne = Aecosejidae)

Many specics of Proclolaclaps are associated with bark beetles, The feeding
habits of these mites have heen little studied, but their relationship with the inseet
host must vary eonsiderably since several species may coexist with one heetle
speeies (Linguist and Hunter, 1965). Procltolaslaps myloterd Sams. is found on
Trypodendron lineatum Oliv. (Novak, 1960; Sam&inak. 19604, Up to one-third of
T, lineatum overwintering in the soil had mites attached to them, most of which
were 2 xylaterd, and it has been suggested that this mite may be responsible for
part of the observed 30 to 50 peroent brood mortality (Novak, 1960). Proctelaclaps
cecoplogasterss (Vita.) has been observed to destroy completely all the epgs of
Phlogotribus searabacetdes (DBern.) deposited in a single gallery (Russo, 19389,

Lastozeius ometes (Oudemans) hag been found assoeiated with Scolidus laevis
Chapius, 8, mali Beehst,, and Aylesinusg frocing (Vitgthum, 1923; Kiclozowski
and Michalski 1962), Vitethum (1926) observed L, ometes consume a protonymph
of Dendroloelaps cornulus (Kramer), Lasiosedus hysirie Vitethum has been found
assoeiated with Dendroctonus micens (Kugelann}, Hylastes ater Park, and Dryo-
coctes autographus Ratz, (Willmann, 1956 ). Hirsehmann and Bithm (1854) elaim
L. hystriz and L. rofundas Hirsch. live on beetle exerement, fungi, and nema-
todes in the pallevies of Tps typegrephus.

Digamasellidae (= Aseaidae)

The genug Digonmesellus s widely distributed, bat their prineipal habitat is
the galleries of bark beetles attacling both deciduous and eoniferous trees
{ Hirschmann, 1954a). Thalenhorst (1958) reported that D guadrisetus (Berl)
is an egg predator of Tps dypographus, but Hirsehmann and Rithm (1955) indi-
cated that it is omnivorous, acting as a sanitizer In the gallery systom by feeding
on fungl, exerement, and vematodes. Womersley (1954 deseribed two species
asgociated with Ips in Australin but did not indieate the nature of the assoeiation.
tunsehik (1953) and Felezewski and Balazy (1966) found digamasellids feed.
ing on the eges of I, typagreaphus and T, amilinus Bichh, and Boss (1967) abserved
digamasellids feeding on £, pilifrons Swaine, IMgamasellis quadrisefus nymphs
and adults feed on the eggs and larvae of I. confusuws (Kinn, 196Ta). Parasitid
and veigaiaid mites have been reported preying upon digamasellids (Hirsehimann,
10540,

Parasitidas

Hse (1964} found that & Eugamasies sp. associated with Dendroctonus frontalis,
Tps calligraphus {(Germ,) and 1. evulsus (Eiehh.) will feed upon nematodes and
most of the other mite speeies found in the gallery system, Others (Fronk, 1047;
Itust, 1933; Walters and Campbell, 1955) have observed mites of the genus Pava-
stins preying upon bark beetles.
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Maeroehelidae
Muacrocheles boudreaurd Krantz is found in the gallevies of Dendroctonus fron-

talis, D. terebrans, Ipg avulsus, L collipgraphus and I. grondicolis {Eichh.) where
it freeds upon dignmasellids, cheyletids, and nematodes { Krantz, 1965,

Uropodidas

This family eontaing some of the most frequently eneountered speeies phuoretie
on adult bark beetles. Ewing (1920 observed ropada longisetose Ewing in the
gallerics of Monarihrem seutellore | LeConte ) it (herous agrifolie Née m all-
fornia, Species in the genera Uropoda (Fronk, 1947; Atking, 1959, Walters arnil
Campbell, 1955; Vitzthum, 1923, 1026; Kaston, 1939), Pscudeuropoda (Novak,
1960; Mirtschmann and Riilim, 1953) and Letodinychus {Hse, 1964) have been
reported from bark beetle gulleries, Tt is commonly thought that mest of these
mites feed upon the fungl growing in the heetls gilleries.

Laelapidae and Dermanyssidan

Hadorn (1933) found Laclaps agilis Koel, whieh normally lives on rodents,
pharvetie on adult Trypodendron Hneatum hibernating in the soil, He believes
this speeics may suck the hemolymph of the inscet. Hyponspis krantzi Hunter is
assovinted with Dendroctonus frontalis and Ips calligraphus (Hunter, 1967},
bust the natiaee of its assoeintion = unknown. Boss (1967 observed Hyrpoasps sp.
fieding on Histivgaster arborsignum Woodring.

Celnenopsidae

Plovronectoeelaend austrinea Vitz, ceeurs in the galleries of ilyogines sp.
(Trigirdh, 1941) and Scolyfus loevis (Vitzthum, 1926). Celacnopsiy cuspidata
(Kramer) is also assoeinted with S, leevls (Vitgthum, 1926). Plewronoctocelacno
drymoecetes Kinn has been reeentiy deseribed from the galleries of several speetes
of Ips and Dendroctonus frontalis in North and Central America (Kinn, 1068,

Cerdomesistidpe and Behizogyniidae

In addition to Cercoleipus coclonotus, Cercomoisius evpnicus Kinn has heen
takent Trom the gallovies of Tps confusus (Kinn, 19678}, Chorlarchus reginus Kinn
is found in the gallerics of Phlveosinis panctabus LeConte, P sequeiae Hopl,
and Preudohylesinug gramdis Swaine {(Kinn, 19646).

ELEUTTIERENGONA AND TARSONEMIN]

Chevtetidag

Speiser (1013) noted that many insects not only transport parasitie mites, but
ilso aearine predutors of these mites, Mezechelos virginiensiz (Bakor) assoeinted
with Dendroctonus fromtalis ( Buker, 19490 and Chelach: les michalskii Samsinik
with Sealytus multistriafus and 8. pygmaeus Fab, (Samsidak, 1962) are examples
of such predaecous mites, Unlike these Nodele eoccinene Thewke and Enns is
predacents on the larvae of Pseudapityophlhorus min wdissimy (Aimm.) [(Thewke
wiel Enus, THES).
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Ereynetidas

Ereynetoides seutulis Hunter was deseribed from specimens found in the galler-
ies of Ips calligraphus in Pinus teeds Linn, (Hunter, 1964). Tt has also been
tounid on I. confusus, I. plastegraphus (LeConte), I. pind, I. amiskweinsiz G
Hopp., 1, latidens LeConte and Dendrocionus brevicomis LeConte, all from the
wegtern United Siates (Kinn, unpublished data),

Tarsonemidae

In his study of Ips typographus and I, amifinus, Giabler (1947) found up to
00 percent of the heetle cggs consumed by Iponemis gaebleri (Schaarschmidt).
Bomboseh (1954% working with I. typographus; found only 2 pereent of 1414 eggy
consumed by [, geebleri and Thalenhorst (1958) never observed high ege mor-
tality eaused by this mite, Hirsehmann and Rithm (1954) also support this view,
Kiclezewski (1965) and Balazy and Kiclezewski [1966) foumd vup to 10 pereent
of I, fypoegraphus eges destroyed by I geeblerd,

Lindquist and Bedard (1961) attributed Tponemug confusus (Lindquist and
Bedard) with destroying up to 50 percent of the epps of Ips confusus. Tponemug
spp. are almost always present in host galleries and egg niches (Lindquist, 1964)
and at tHmes the phorvetic females apre also quite abundant. As many as 80
Toonemats plastographus {Lindguist and Bedard) females have been taken from
a single Ips plastographus (LeConte) adult {Lindquist and Bedard, 1961), Bos
{1967) listed the Iponemus spp. associated with Ips spp. in the Rocky Mountain
states and Lindguist (196%) reviewed all the Holarctie tarsonemid mites para
sitizing epgs of ipine bark heetles. Pseudotarsonemoides spinitarsus Hirst is found
on Seelylus destruetar Oliv, (Hirst, 19283, inwtserabilts Vitz, in the gﬂllﬂﬁ‘.‘ﬁi
of Pityogencs bistridenfatus Bichh. (Vitethum, 1923) and P. eccoptogasteris
Vite, from Scolytus pygmarus Fab, and 8. madtistriofus (Vitsthum, 1026}, Tar-
sonemus mogert Smiley and Heterotarsonemus lindguisti Smiley have been eol-
leeted from the galleries of Dendrootonus frontelis (Smiley, 1967, 1060,

Pyemotidae

Pyemoates ventricosus is the most ubiguitons mite speeies associated with bark
heetles, However, many of the eases of parasitism by P. venfricosus probably
should be attributed 1o P. scolytd Oudemans, sinee the two are diffieult to distin
guish (Schvester, 1957}, These mites injeet a toxin into theipr prey which inhibits
neuromuscular activity but presérves metabolic activity (Weiser and Slama,
1964, thus preserving the food souree, '

Hensel {1875} noted Pyemotes ventricosus killing the larvae of a bark bLPTll",J
probably a species of Scelytus. P, ventricosus has also been reported attacking the
larvae of Dendroctonus psewdotsugae (Chamberling 1939) and all stages of
Seolytus vendreliz (Struble, 1937, 1957; Stovens, 1956), Russo (1931) reported
that larvae of 8. emygdali (Guerr.) are killed by P. ventricosus and DBritton
{1934) found this mite parasitizing 8. destrucior, but he did not believe they
excrted a strong eontralling foree on the heetle population, Russe (1938) ob
served both P, vendricosus and P seolyti attacking Phloeptvibus searbacoidis, gy
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Sehvester (1957) found both species in the galleries and on the adults of Seofylus
rugulpsus Ratz, Previously, Veukassoviteh (1947) veported finding Pyeraofes
ventricosis attacking 8. vuglosus, Although whole populations of 8, rugulosus
reared in 1le laboratory were al times destroyed by P pentrieasd, Schvester
{19571 thought its value as a natural eontrol agent in the field was extremely Hin-
ted, P pentricosus also attacks Chactoptelius vestitus (Muls, and Rey) and a
Hypeborus sp. (Russo, 1926; Pieard, 1919), Unlike £, seolyly, £, pentricosus will
also attack tho lorvae of hymenopterous parasitoids (Schvester, 1957). Struble
(1942} ohserved P. ventricosus killing larvae of the ostomatid Temnochile vire-
stens ohlorodin (Fab), An unidentified species of Pyemotes is reported 1o be a
parasite of the larvae and pupae of 8. mali and 8. rugulosus (Simal, 1931), ard
yenl and Massey (1945) found an unidentified pyemotid associated with Tps
grandicollis {Bichh.). Pyemotes drgas Vitz, feeds on the larvae and eges of
Huylurgopinas rufipes (Biehly) | Kasten, 1039,

Weiser (19631 diseussed mass reaving Pyemotes scolpld as a possible biologienl
somtrol agent, and Beaver (1967) stated that P, seelyti would be 4 promising bio-
logical control agent for Seolytus scolytus (Fab.) and 8. multistriatus providing
i means of inercasing its dispersal eould be found, Kielezewski and Miehalshki
(1962} found P. scelyli on numerous species of Seolytus and sugpested intro-
ducing sterile hark beetles carrying phoretic mites into threatened forested areas,
Pyemotes anobii Frezal has been mentioned as o possible biologieal contral agent
Por 8, meltestrsadws (Strvler and Stone, 196G,

Hunter and Davis {1963) found a Pygmephorus speeies associated with Tps
avilsas, I calligraphus, and 1, grandicollis, Hewdl (19577 found as many as 33
pereent of the eggs of 1, pint and L. perrodi Sw.with mites he identified as Fig-
mephorus attached to them, However, Lindguist (1969 Lelioves these were ac-
tnally I. fruncatus,

In Russia, Redikevzev (1947) deseribed Poaracorophoennr dpdaring from I
typegraphus and suspeeted it of being a parasite of this beetle, A specivs of Para-
citrophaeniz has also been found on I confusus in California {Kinn, unpublished
duta).

Vitzthum (1923, 1926) veported that Pediculopsis wichmanni Vitz. Teeds upon
fung in the gallevies of Polygraphus polygraphus Linn, and Franeke Grosmann
(1952) suspected that it also fed upon fungi in the galleries of Tps acwminalis
Gl In contrast to these veports, Redikorzey (1947) reported heavy parasitiza-
tion of Ips duplioatus Sahlh, by this mite,

Halilmrton (19439 found an unidenified mite;, possibly o pyemotid, causing
sinsiderable exg mortality to Ips grandicollis.

AQARIDELD AND ORIBATEID

Acaridae

Histiogaster arborsignum oveurs in the gallevies of Dendroctenus frontalis,
where it may feed on fungal myeelin, frass, and dead arthropods (Woodring,
196301, H. carpio has also been found associated with D, fronfalis (Fronk, 1047)
and Xylehorus monographus Fab, (Schedl, 1964); I endemars B and ¥, Thirk
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also oceurs with X, monographus (Schedl, 1964). Jacot (1936) suspected H.
fungivoras, Moniezlella arborea, and Tyroglyphus sp., all found with Scolytus
mullistratus, of transporting blue-stain fungi,

Eusso (1938) observed Tyroglyphus sire (Linn.) and Bhizogiyphus sp, attack-
ing varions instars of Phleeatribus scarabaeoides, Winterschmidiie crossisefosa
Willmann is also associated with larvae and pupae of P. searabaenides (Willmann,
1939}, A small gray mite identified ns u tyroglyphid is reported to be an important
enemy of Ips plastographus and I, mezicanus (Hopk.) (Trimble, 1915, 1924,
Struble, 1961). Immature tyroglyphids suck the contents from Jps eges and young
larvne. Many eggs, larvae, and pupae of Dendroctonus frontalis are veported
destroyved by nymphs-and adults of a Thyreophagus sp. ( Anonymous, 1962,

Acarids are preyed upon by Laelapidae, Parasitidace, Ereynetidae, and Maero-
chelidae which also oeeur in bark beetle galleries { Woodring, 1963a).

Saproglyphidac

Calvalio kneissli Krausse deatonymphs are found on Orthatomious laricis Fab,
{Krausse, 1917}, and a Calvolic species was found associated with Dendroctonsis
partedotsugae (Walters and Campbell, 19567, Vitzthum (1920) deseribed .
circumspoctans: from Tps stebbingt (Strohmeyer) in Tibet and Wolff (1920} re-
ported finding numerous mites of this penus living parasitically on Orthofomicus
laricds and Blastophagus piniperds (Linn.). Individual beefles werp observed
earrying more than twenty-five mites.

Adults of Vidia sp, have been taken from beneath the elyira of Dendroctoniis
peendotiugae [ Atkins, 1959,

Anoetidae

Deutonymphs of Histiostoma cvalis (Muller) are abundant on adult Tps ser-
dentatus Born {Samsinak, 1958) and Histiosioma gerdivs Hunter and Davis is
found sssoviated with T'ps avulsus, L calligraphus, and I. grondicollis in Georgis,
L. chagnoni Sw., 1. perturbatus (Eiehh.) and I, pind in Minnesota, snd I. calli-
araphus and 1. emarginatus (LeConte) in Colorado (Hunter and Davis, 1963).
Higtiastoma gordiues i3 believed to be a fungus feeder (Hunter and Davis, 1963),
H. pigeae Scheucher oceurs in the galleries of 1. typographus (Hirsehmann and
Rithm, 1954).

Woodring (1963h) believes that acarids and ancetids are nol, primarily preda-
tors,

Oribatei

A number of mites belonging to the Oribatei are oceasionally found in the
galleries of bark beetles (Fronk, 1947; Stark and Borden, 1965). Those usually
eneountered are Oribatulidse and Haplozetidae, although other families are also
represented, On elm, @ number of oribatids oeeur on the bark and in the galleries
of Seolybus mullistriotus where they feed upon fungi, algae, and other oreanic
matter {Jacot, 1934), The Oribatel found with other hark beetles probably play
a similar role,
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Paorrric apms or Mires Associaorsn wite Bank BERTLES
Mesostigmunta

Al the mesostiomatid mites assoeinted with bark beetles aro phoretic at one
stage in their life eyeles: The deutonymph in the Uropodidar, Digamasellidae, and
Parisitidae and the adalt in the Asdidae, Maeroehelidae, Colaenopsidae, Cereone-
gistidae, and Behivoryniidae ave the phoretic forms, With the exception of the
Uropadidae, they all attach to the bark beetles by means of the ambulpers, but
some also clamp their cliclioere outo setae {ivselimann and Rithen, 19535, TH-
mamasellids and ascids may be found almost anywhere on the beetles bods, The
strong dorsovenirs]l Jatteming of their bodies enables thim to eraw] beneath the
elyten, Parasitid dentonymphs and trigynaspid adults are wsually found on the
sitor surface of theelyiva. The most highly speeialized of the mesestigmatid mites
for a pheretie existonce sre the Teopodidae, These mites fasten themselves to the
liest by meang of anal seeretions which harden into long, Bexible filaments. Sellniek
(19397 points sut that wany species are known only from the stage taken from the
inseet host. Tnforiunately, 1his s still true, althongh Miclael {1581) atressed the
feed For observing all staces of o mite speeics, its life history, and habits in order
Lo avert synonymies,

The behavior of mesostigmatid mites is Tnrgely unkoown, Cumming (1898) noted
that U ropoda ovalis Koch, cotld deteet the presenee of bacteria from some distanee,
bt no sueh studies of the Uropodidae found in bark beetle galleries have been un-
dertalen, Olfzelion has been found te be an important stimulus affecting phoresy
of Casmolacleps on passalid beetles (Mollin and Hunter, 10643, Macrocheles mis-
ededomestioae (Seopolil) on hounse flieg (Farish and Axtell, 1966}, and Parasitus
caleaptratorim Lann, on geotrupid beetles {Rapp, 19597, Moeist environments in-
lLiibit and dry envivonments promote phoresy of P, eoleoptratorym (Rapp, 1959,

Iilentherengona and Tarsonemini

Adult female cheyletids and erynetids may be found elinging by means of the
ambulacrea to almost any part of the harl beetles, Towever, the dersal surfaee and
deelivity seem to ba prefereed sites, Hunter and Davis (T963) found Eregneloides
spo marely phoretic on Fps celligraphos, bt in California they are ceasionally
abundant on I, eonfusus (Finn, nnpublished data):

Pyvemotid adults eling by means of the lerge claws on legs 1 10 the setae located
near the eoxal region or at the junction of the pro- and mesothorax (Redikorzer,
1947, Femala tarsomemid mites are found predominately on the elytral deelivity
of omerging oy, and eecagionally on the pronotum, elytra, venter af the abdomen,
ani hetween the coxae (Lindgnist and Bedard, 19611, They are often found also
undder the elytra of Dendroclonus spp, (Kinn, unpublished data), Lindguist and
Bedard (18611 noted that Tpenemtas spp, were most abundant on Tps early in the
emergence eyele,

Avarider and Oribatei

The Aearided are the most highly specialized for phoresy of all mites assoceintid
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with hark beetles. The phoretic stage is a highly specialized, non-feeding deu
nymph, ealled a hypopus, which is eharacterized by a dorsoventral flattening
the body, a heavily selerotized integument, a reduction of the mouth parts and 1
presence of o series of suckers on the venter of the opisthosoma surrounding o
nnus. The hvpopi of all these species adhere to the beetles by means of thess sueke

Most acarologists believe that nutrition is the major factor initinting and ters
nating the hypopal stage of the Acaridae { Woodring, 19630). However, the an
tid hypopal stege can Be initiated and terminated by altering the homidity le:
of the environment (Wallace, 1960), Hypopi are formed when the medin begi
to desiceate, and when g moist media s again available most hypopi molt to t
tritonymph ( Woodring, 1963b), Hunter amd Davis (1963) sugeest that anoe
hypopi leave the beetle in response to o chemical attractant associated with fung
and veast growth,

Oceastonally oribatids are found on various insects bot they lack specinl ada
tations for phoresy (Trigiedh, 1943). They are transported by birds in nesti
material or pre washed off trees by rain and reaseend under more favorable cong
tions (Jacot, 1934). _

CoxorusioN

As early as 1880, Haller referred to the great difficulty eneountered in attems
ing to find widely seattered references to insect-mite relationships in the liteentur
Kleine (10944} reiterated this problem, which has becoms compounded with tin
and an mereasing interest in these arthropods. In 18925, Escherieh stated that o
knowledge of this subject is far from being exhansted and this situation remadis
unchanged today.

A SURVEY OF MITES ASSOCIATED WITH CALIFORNIA SCOLYTIDA

More species of Seolytidas ceenr in Californin thon in any other state, They a
found in a wide variety of host trees and shrubs and under diverse elimatic cond
tions, ranging from the low constal fog belt through dry desertlike foothiil are
to the alpine habitats of the high Sierra Nevada. Beecause n knowledge of the mi
fauna is almost nonexistent, a survey was nndertaken which ineluded as man
different species of bark beetles occupying as many geographical areas and he

trees ns possible,
¥ MaTERTALS AND METHODS

Mitea associated with various species of bark beetles found in Californiz wer
eollegtod from: (1) bark beetle specimens in the California Inseet Survey colleotia
of the University of California, Berkeley, (2) living beetles colleeted in the fiald
{3) beetles emerging from caged log bolts and bark samples, and (4) frass sample
seraped from galleries, Most speeimens were ¢leared in Nesbitt’s solution m:l.}
mounted in Hoyer's medinm, Others were collected in aleohol and examined unde
a disseting mieroseope,

Resuvrs

Mites were eolleeted from thirty-seven species of bark beetles found in ©
fornia. Only those mites which were known 1o hove a phurﬂtm stage in their Jif
ovele pre ineluded, and those which were rarely encountered in scolvtid galleri
i, Laelapidae, Urapodellidae, Cacenlidae, Raphignathidae, and a Typhlodro
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sp. are omitted. Speeies of Oribatel belonging to the families Haplovetidas, Cam-
isiidae, and Ovibatulidae, which ave oeeasionally found in scolytid palleries, are
also omitted because they are not phoretie on adull beetles. The incidenee of these
mites on trees not under attack by seolytids s probably as great as on those killed
By barl hoetles,

The three Bsts which follow summarize the records obtained. Doubtful records
ave preceded by o question mark.

PFHORETIC STAGES AND TROPILD HARITS OF MITEH ASSO0CIATRES
FAMILY AR SPECTRS PHORETIC STAGYH Trovmeg daser

Parpstiidae

Fieiamnnii s, Dowtonymiph FProdmenoos
Digmrnnsellndae

igamasethis ey digetys Peutonymph Produeeons

Iigamiyetluy quadiisetus Petomymyph FProducenms

Digeomase il geocerng by Bentonymph Prronkiies uns
Al

Preitaluelopg Gpp. Adule 2 Pl ey

Lapsioneig Afk Acdule Prelaodons
[Tro g s

Undaterminmd spys, Prantomyanph Myeotophnmons
Clereomeyristidan

Cereeleips doelinoties Aalults Predaemis

Crremmegislis Crmeious FAlults P rolaocous

Cirlurnopsidae
Wrndese ribied prenms Thdults IPreileevons
Plewreeobtcalnene dramoepe ey Adults 1Prodnenous

Hehizogyoiidae

Chariarche reginas Aciults Prodperous
Tarsonemidug

Tiersonemus &y, Adult g Myectophagmns

dprinemiita ST, Adult g Purisitic
Pyemotidun

Prowmates nr, sealyti Adule 2 Parusitie

P plor e s, Adult Muyrntophngous

Pargearophesiar nr, (pidariug Adultg Parnsitic
Clroybotidae

Chelilephyes sp. Adubr g Produceins
Eroynetidae

Ervynetendoy wr, gowtufis Adults Pridocooas
Avaridae

Tyraglyphis ap. Litouvmph Myectophagons

Hestwnaster ury arborsignwm [reutanymph Myveloplagomes

Bnpeogly plidas
Ml volia sp. Dentonymyh Myeetophnpous
Annebidne
Elintioumt ot g, Mentonpmph Myertophagous
Uendeter mived ap. Thouton v pdy Mycotophagous
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MITE-BARK BEETLE ASSOCIATER
PaRARITIDAR
Envgomasus sp,
Dendroctonus brevicomis LeConte—Pinus ponderose Laws. and Pinus couftert
13, Dam,
Dendroctonus ponderosae Hopkine—Pinus lambertiona Dougl.
Dendroctonus valens LeConte—Pinus jeffreyi Grev. & Balf,
Ips concinnus (Mannerheim ) —Picea sitchensis (Bong.) Carr.
Ips confusus (LeConte)—Pinus ponderose Laws. and Pinus monophylle Torr.
& Frém.
Ips emarginatus (LeConte)—Pinus jeffreyi Grev. & Balf.
Ips latidens LeConte—Pinus jeffreyi Grev. & Balf. and Pinus lombertiana
D],
DiGad asrLLIDAR

Digamagolivs nr. dizefus
Dendrostanus brevicomis LeConte—Pinus ponderose Laws,
Dendroctonus valens LeConte—Pinus jeffreyd Grev, & Balf,
Ips latidens LeConte—DPinus jeffreyi Grev. & Balll
Digamasellus neocornufus Hurlbutt
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws,
Digamasellus quadrisetus (Berlese)
Diendroctonus brevicamis LeConte—Pinws pondercse Laws,
Ips calligraphus (Germar)—Pinus ponderosa Laws.
Ips confusus {LeConte)—Pinus ponderasa Laws., Pinus monophylla Torr. &
Frém., Pinus lambertiona Dougl. and Pinws attenuate Lemm,
Ips latidens (LeConte)—Pinus jeffreyi Grev. & Balf. and Pinus lambertiand
Dromgl,
Ips pind (Say)—Pinus jeffreyi Grev. & Ball.
Ips plastographus (LeConte)—Pinus contorte Dongl.
Ips sabinianas Hopping—Pinus sabinione Dougl.
Phioeosinus punctatus LeConte—Libocedrus decurrens Torr.
Phlocosinus sequeine Hopkins—~Seqgueta sempervirens (D, Don) Endl

ABOIDAE
Proctolaclops spp.
Alniphagus aspericollis (LoeConte)—Alnus sp.
Conophthorus lambertianae Hopkins—Pinus lambertiana Dougl.
Dendroctonus brevicomis LeConte—Pinus ponderose Laws,
Dendroctonus jeffreyi Hoplins—Pinus jeffreyi Grev, & Balf.
Dendroctonus ponderosoe Hopkins—Pinus ponderose Laws,
Dendroctonus volens LeConte—Pinus jeffrepi Grev, & Ball.
Ips eonfusus (LeConte)—Pinus ponderosa Luws, and Pinus monophylla Torr. &
Frém,
Ips Intidens LeConte—Pinus jeffreni Grev. & Bali.
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Tpgmexicanus (Hopkins) —Pinus radiote D, Don.

Phiseosinus sequoine Hopkins—~Segueta sempereivens (D Dond Endl

Pityuphtharus carmelio Swaine—Piws torveyanan Parry,

Pocwdohylesinus grandis Swaine—>Psendatsuge menziesii ( Mirh) Franeo.

Neolylus ventratis LeConte—Abies concolor (Gord, & Glend, ) Lindl,
Lsinseius sp.

Ips mericanus ( Hoplking ) —Pinus mouvicate D, Don,

Tps plastographus (LeConte ) —Pinus maricete 1. Don.

Uroronmaz
Undetermined spp.
Dendpoctonts brevicomis LeConte—Pinus ponderose Laws, and Pouus cowlferd
Dy, Do,
Holastea longricollis Bwaine
ylastes nitiduy Swaine—
Hylwregops porosis { LeConte) —
Tns calligraphus (Germar ) —Pinus pondorose Lows,
Tps concinnus (Mannerhein ) —Picea sttehonsts [ Bong.) Carr,
Tps eonfusus (LeConte ) —Pinus ponderose Laws, Pinws monophplls Torr, &
Frém. and Pinus lambertiann Dougl.
Ips emarginatis [ LeConte) —Pivus jofreyt Grev, & Balf,
Fpstatidens LeConte—Pinus lambertione Dongl,
fpsmexicanus (Hophking) —Pmae radiode D Don and Pinag imuricate T Don.
Fps plastographas [ LeConte}—
T salinianae Hopping—Pinus sabindena Dongl.
Plilaeosinus eristabus | LeConte ) —Cwpressis sdrgenti Jepson,
Philocosinus punetalus LeConte— Ldboced rog decurrens Torr,
Phlocasinus variolatus Br.- Cu pressis sargenti Jepson,
Phlocostnus sp—Cupressus morcrocarpa Hartw,
Prtyolitcines sp.—Abies congolor (Gord. & (Glend.) Landdl,
Pityophthoras sp—Pinus Jeffreys Grov. & Balf.
Pyeudohylesinus dispor Blackman—Abies coneolor (Gord. & Glend,) Lindl.
Realybus dentatus Brighl—Abies bractenta I, Don,
Sealytus robustus Blackman—ATies Dracteata D Don.
Scolytus ventralis LeConte—adAbies concalor (Gord. & Glend.) Lindl

CERGOM BGHISTIDAR
Cereoledpus coclonolus Kinn
?Dendvoctomus brevicaomts LoConte—Pinis porderose Lows,
Tps confusus (LeConte)—HPinus ponderssa Laws., Pinus monophylla Lorr. &
Frém., Pinus joffreyd Greve & Balf, and Pinus lambertiona Dougl,
s mentanus (Eiehhoft ) —FPiows monticela Dougl, .
Hps emargingtus (LeConte '—Pinus jeffroyt Grev. & Balf,
Ceremmenistus cvanicus Kinn
Fps confusus (LeConte ) —Pinws monophyfla Tarr, & Frém.
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CRLAENODSIDAT
Undeseribed genus
I'ps confusus { LeConte ) —Pinws monophylie Tore, & IMrém.
Plewronectocelaeno drpmoecetes Kinn
Tps confusis (LeConte) —Pinis ponderose Laws, and Pinics monophylle Torr, &
Frém.
I'ps sabinianae Hopping—Pus sabindene Dongl.

HOHIEBOYNITHAK
Choerinrchus reginus Kinn
Pidocosinus punetalits LeConte-—Libocridris decurrens Torr.
Phlseosinus sequoiar Hopkins—Sequoin sempervivens (1. Don} Endl.
Psendohalesinug grandis Swaine—Psoudolsiga men ziesid [ Mirh)) Franco.

T ARSONEMIDAE
Tarsoncmats 8],
Dendroctonus brevicomis TeConte—Pinus ponderosa Laws,
I'ps conctnnus { Mannerheim)—Picea stfchensis (Bong.) Carr.
Ips confusus ( LeConte ) —Pinus ponderasn Laws, and Pinus Lymbertdena Dongl.
Tps latidens LeConte—Pinus Tatbertiana Dougl.
Ips mexicanus | Hoplking)—Pinus radiata 10 Don.
Tps ping (Bay ) —DPinus jeffrey: Orev, & Ba H,
Ips sabindanne Hopping—Pinus gabintania Dougl,
Pseudohylesinus grandis Swaine—Pseudotsugn menziesii (Mirh.) Franeo.
Seolytus dentatus Bright—Abfes bracteale D, Don,
Seolylus pracceps LeConte—
Seolytus robustus Blackman—Abies bracteata D). Don.
Seolytus unispinosus LeConte—Pseudolsuga menziesit (Mirh) Franeo,
Keolytus ventralis LeConte—Abies concolor (Gord, & Glend.) Lindl.
Tponémus spp.
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws,
Dendroctonus panderasae Hopkins—FPinus ponderosa Laws.
I'ps confusus (LeConte)—Piuus ponderosa Laws, Pinug radiate D. Don and
Pinus lawmberiione Dougl,
Tps pind (Say )—Pinas jeffreyi Grev, & Balf.,
Ips plastographus (LeConte)—Pinus eontarta Diougl,

PYEMOTIDAE
Pyemeales ne. scolyld
Conophthorus lambertianae Hopkins—Pinus lamberitane Dongl,
Ips confusies (LeConte ) —Pinus radinto 1), Don.
Tps mextennius ( Hopking}—Pinus radiata 1. Don.
Ips sabindanie Hopping—Pinug sabintona Dongl.
Phioeasinus eristatus ( LeConte)—Cupressus sdrgenti Jepson.
Phloeosinas punctatus LeConte—Iabocedrus decurrens Torr.,
Phlseosinus sequotee Hopkins—Sequota sempervirens (DL Dong.
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Phloeosinaes rubicupdulus Swaine— Seguain giganiea | Lindl) Deene.
Pithyophthorus sp.

FPreudahyplesinug grandis Swaine—Psewdalsuga menziesti (hirk ) Franco,
Prewdohylesins nelndosus (LeConte)—Pseudotswga mengiesii {Mivh.) Franeo,
Seolytus dentaduy Brighl—Abies hraeteata 13, Dom,

Seolytus praceeps LelConte—

Spobytus robushius Blackman—Abies bracteato 1), Don,

Heolytus ventralis LeCome— A bies corcolor (Gord. & Glend. ) Lindl.

Twenag! ppies pubescens (Hopkins)—

Pyepme phorus sp,
Dendroctonus hredeomis LeConte— Pos ponderose Laws,
Ipg ealligraphus (Germar ) —Pinuws ponderoso Liaws,
Parecaropheenar ne, dpidariis
Desddroetonus hrevicomis LeConte—Pinus ponderosa Liows,
Fps vonfusus (LeConte ) —Pinis ponderasa Laows.
Tps plostographus [ LeConte l—Pinws contorfa Dongl

CHEYLETIDAE
Cheledophpes sp.
Denidractonis brevicomis LeConte—Pinus ponderose Linws,
Denilroctonus ponderosee Hopline—Pinas ponderose Laws,
Ipg confusuy {LeConte ) —Pinus pondoraga Lavws.
Fps lettdens LeConte— Pinas lombertiona Dongl,
mealytus dentatus Bright—aAlies brocteata 1. Don.

EreywETIDAR
Ereynefoides nv, seutulis
Alniphagus aspericolfis (LeConte) —Alnus sp.
Dendroctonus brevicomis LeConte—FPinus ponderose Laws,
flendiroctonus ponderssae Hopkins-—Piaus ponderosa Laws,
ITps confusus (LeConte)—Pinus ponderasa Laws, Pinis monophylle Torr, &
Frém. and Plas atferwoto Lemm,
Tps latidens LeConto—Pinue joffreyi Grev. & Balf,
Tps piva (Say ) —Pinus jeffrogd Grev, & Ball,
Tps plastographus (LeConte)
Sealytus dentotus Bright—Abdes braclendn D, Don,
Seolylus rabustus Blackman—adAbies bracteata D, Don,
Sevlytus ventralis Lollonte—ABies concolor (Gord. & Glend. ) Lindl,

ACARIDAT
Higliogastor ny, erlorsignuwm
Denedroctonus hredicamis LeConte—Pinus ponderose Laws,
Dewidroctonus pondervazae Hopking—Poes ponde rose Laws,
Fpg calligraphus (Germar ) —Pus ponderosa Liaws,
Fps confusus ( LeConte )—Plaus ponderosa Laws,
Fps tatidens LeConte—Pinus jeffreyt Grev, & Balf.
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I'ps pint (Say)—Pinus pondorosa Laws,
Ips sabinianas Hopping—Pinus sabiniana Dougl,
Tiraglyphus sp.
Tps confusns (LeConte ) —Pinus ponderose Laws,
Phloeosinus sequotae Hopkins—Sequoia sempervirens (D. Don),
Pityophthorus sp.—Pinus jeffreyi Grov, & Balf.

SAPROGLYPHIDAE
Calvalia sp.
Dendroctonus brevicomis LeConte—Pinus ponderosa Laws,
Ips comeinnus (Mannerheim) — Picea sitchensis {Bong.) Carr,
Ips latidens LeConte—Pinus ponderose Laws. and Pinus lambertiana Dougl.
Ips sabinianae Hopping—Pinus sabiniana Dougl. and Pinus attenuata Lemm,
FPityophthorus sp,—
Pityophthorus carmeli Swaine—Pinus torreyana Parry.
Pityophthorus selosus Blackman—
Paeudohylesinus nebulosus (LeConte}—Psoudotsuga menziesii (Mirh.) Franea,
Seolytus dentatus Bright—Abies bracteate . Don.
Seolytus robustus Blackman—Abios bracteata D, Don,
Seolytus unispinosus LeConte—Pseudotsugn manziesii ( Mirb.) Franeo,

ANOETIDAE

Histiostoma sp,
I'ps calligraphus (Germar)—Pinus ponderosa Lows.
Ips eonfusus (LeConte ) —Pinus panderosa Lows,
Ips latidens LeConte—
Ips mezicanus (Hopking) —Pinus radiata D, Don.
I'ps pint (Say)—Pinus contorta Dougl,
Ips plastographus (LeConte ) —Pinus contorta Dougl,
Ips sabinianae Hopping—Pinus sabiniana Dougl.
Pityophthorus carmeli Swaine—Pinus torreyana Parry,
Pseudohylesinus nebulosus {LeConte)—Pseudatsuga menziesii {Mirh.) Franco,
Seolytus dentatus Bright—Abies hracteata D, Don,
Seolytus robustus Blackman—adAbies bracteata D, Don,
Scolytus ventralis LeConte—Abies concolor (Gord, & Glend,) Lindl.

Pnidetermined ap.
Dendroctonus brevicomis LeConte—Pinus ponderosa Lows,

BARK BEETLE-MITE ASSOCIATES

Alniphagus aspericollis ( LeConto)
Practalaelaps sp.

Dendroctonus hrevieamis LeConte

: > Eugramasus sp.
Ereynetoides nr, seutulis Digamosslusnr, disetus
Conophthorus lambertianas Hopkins Digamasellus neocornutus Hurlbutt
Proctolaslaps ap. Digamusellus guadrisetus Borlese

Pyemates nr, scolyti Proctolaslaps sp,
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Uropodidac—undetermined spp.
{'orealetpus coclonotuy Kinn
Tiregamerens 3.

Tpomenies sp.

Pygmeploris g,
Pargearaphacnas nr, {pidarius
trheletfophyes sp,

Krpynetoides ne, seufulis
Higtiogaster nre. grborsignum
Oalvalie s,
Anvetidae—mmdetermined sp.

Dendyoetonus jefreyd Hoplking
Proctalaclaps ap.

Dendroctonus ponderasee Hophins
FEugamaesis sp.
Practolaelaps sp.
Ij}ﬂ RIS ST
heletopliges ap.
Breynetoides v, seutulis
Iistiogaster nre, arborsiguum

Prendroctonus valens Liel'onte
FHugmmasus sp.
THgamagelius ne. disefus
Proctolaclaps sp,

Iylastes longicsllis Bwaine
Tropodidae—undetermined spp.

Hylagles nitidus Swaine
Uropodidpe—undetermined sp.

Hylurgops parosis (LeConte)
Iropodidac—uandetermined spp.

Tps calligraphus | Germar)
Drigomasellvs guadrisetus Berlose
Uropodidae—undetermined spp.
Pygrnepdorus sn.

Higtiogaster nr, arborsignuwm
Histingtowma sp,

I'ps coneinnus { Mannerheim )

DU AT B,
Uropodidae—undetermined sp,
Tarsonemus sp.

Cilvalin sp.

Tpg ponfusus (LoConte)
Frgamasits ap.
Pigumusallug guadrmsetns Berlese
Practolaelaps sp.
[Teopodidac—undetermined spp,
loreomeisiug evonens Winn
Cerealeipus coclonotus Winn
Colaenopsida—undeseribed genng

1

Plewraneetocelaenn drgmaecétos Kinn

Tarvsonemus sp.

Tpomemus sp.,

Pyemotes nr. scolyld
Paracaraphoonas nr. ipidarius
Cheletaphyes sp.

Ereyunelotdes ne, sewldiy
Histivguster nr. arborsignum
Toroglyphus sp.

Hizltiostome sp,

I'ps emargmatus { LeConte)
Fugamasis 8p.
Ilropodidac—undetermined sp.

P Cereoleipius coclonotys Kinn

Tpe latidens Lellonte
Eagpmasus sp,

Ihigamaszellis ne. disetus
DHgamasellus quadriseins Berlese
Procieloclaps ap,
Uropodidae—undetermined sp.
Tarsonemus 5.

Cheletophipes sp.

Erenetaides nroseutulis
Higtiogaster nre.arbersignum
Calvolin sp.

fMislinstomi sp.

Tps mepicenus Hoplins
Procieliovlnps sp.,

Lagiosetus sp.
Uropodidac—undetermined spyp.
Tirrsoneniits ).

Fitemotes nr, sealypf

Histiostoma sp.

Fopsmontanus (Tielhofl)
erealeipus confonetus Kinn

Tps pind (Say)

Digamasellys quadriselits Berlese
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Taresnmemas sy,

feme weas s

Froynelotedos ne, soundwlis
Hstingister ne, aeborsignin
fTaatdvsboma sp.

L plistorrpdivs Lo Conte)
Easaomasits sp,
Prigaase s quadeised us Terlise
FLestasetios sp.
[Mropodidae—undeterminm] s,
[ ot <,
Puvacavaplioonas ne fdarg
Erdinetardos e senlulis
Hiztiostoma sp.

Fps saliniwnae Hopping
Egamse s quadriseius Berlese
sl idav—undetermined sp.
Plivronectoceloene deymoeeetes Kinn
Varsenomug sp
Pyemotes ny, seslyli
istiogaster ne, arbisrsdgnwm
Cadvokie sp,
Hastiogtonm sy,

Phlovosinns erpsfafie ( Ledlomte)
Urapodidac—unditermined sp,
Poenalis ve, sealyli

Pilnegstnnes puactatis LeConte
Thgaased g guadeisetis Berlose
[eopoddidue
Chertarchas reginus Kinn
Pyeniptos e, seoliyfi

urletermined sp.

PMideeosinas seqgitotre Hopkins
Haganasellus quedrise s Torleso
Hroctolenliops sp
Chariareliws roginus Tinn
ficmptes ne, geolyid
Tywneluphos s,

Hideeaginas rubiowndnbis Swaine
Fryewistes e, scalply

Phlgeasinus vartalotus B
Urapodidaee—umdeternined sp.

Philaeayinug sp.
Fuewates nr, seolylt

University of Califoraia Publicaticnsin Entomology

Fitgoktofnes sp,
Hropodidae—undetermined sp,

Patyophtharis cormeli Swaine
Procilaclops sp,
ol pali sp.
Hisiiostoniesp

Pty Uhrus selosus Blaekman
ol et s,

Pid ypophiliorus sp.
Urepod idse—undeterming sp.
Fyrmoles nre, sealyti
Furogly s ap,

Craldesdin |,

Progedadipdvsinug digpere Teiackman
Cropodidae—undetermined s,

Peeyedalolestnus grovndis Bwaine
FProctolaeluge sp.
(horiire hs vegtias [Kinn
Tursawemus sp.
Pyemoics nr, seelyli

Faowdohylosimus e hlseus  LieClonte )
Pyemades nr, seolyti
falvalinesp,
Hastiautoma sp,

Sealpbus dewtotus Bright
Urapodidac—unditerminid sp,
Fitrsare vy 51
Pyemedes ne, seolyl
haletpplapes sp.

Eraywetordos nr, seadilly
il ealin sp,
Histostimie ).

Sealytits proceeps LeConte
T”-l"."“i‘ AN ]
FPuerales ne. sealyti

Seefylis radasiws Blavkman
Mreapodidae—undetermined sp,
Frargoriene s s,

Fiemoles ne, sealyli
Freynetovdosne, seutulis
(Talvalisn

Flistinsfona s).



Kinn: Life Cycle and Behavior of Cercoleipus coelonstus 19

Sealytus untspinosus LeConte Tursonemus sp,
Tarsenemics 5p. Pyemates nr. soolyti
Calvalia sp. Ereynotoides nr. sentulis
Scolytws ventralis LoConte Hiitiostoma 8p:
Prociolaelaps sp. Taenoglyptes pubescens (Hopkins)
Uropodidae—undetermined sp, Pipemates nr, scolyti

Dscussios

Speecies of the family Uropodidae are the most widely distributed mesostimmatid
mites. Although they are not predaceous on any stage of the bark beetle, they are
frequently found in great numbers on the elytral deelivity, Trigynaspid mites are
most commonly encountered with bark beetles attacking trees in the coastal fog
belt. Representatives of the Tarsonemini, many of which parasitize bark beetles,
are also frequently encountered. Pyemotes ne. scolyli has s wide host range and
perhaps, because of its large numbers, is an important natural enemy of hark
beetles. Ereynetoides nr. seutuliv is the most frequently collected member of the
Eleutherengonn and may also be an important controlling agent.

PHORESY OF CERCOLEIPUS COELONOTUS AND ITS
EFFECT ON BEETLE FLIGHT

The factors affecting phoresy of mites have been studied in only a few speeies
of Mesostigmata (Farish and Axtell, 1966; Rapp, 1959). Our knowledse of the
phoretie behavior of trigynaspid mites is confined almost entirely to eolleetion
records. These records reveal that dispersal is genevally secomplished by adult
males and females. Hunter and Davig (1965) studied the life eévele of Euzercon
latus (Banks) in some detail and found only the adults to he phoretic on passalid
heetles, Colleetion records of Plewronectocelaens drymoecetes (Kinn, 1968) and
(thoriarchus reginus (Kinn, 1966) also show that the adults are phoretie. With
the exeeption of the work by Atkins (1961), nothing is known of the effect of
phoresy on bark beetle Hight.

MaTeERIALS AND METHODS

Frequency of phoretic mites—Ips confusus adults emerging from caged holts
of Pinus monephylle were eollected individually in gelatin eapsules and examined
for Cercoleipus coclonotus adults: The bolts from which these heetles emerged
were eolleeted at monthly intervals at Lake of the Woods, Kern County, Cali-
fornin. The sex of some of the beetles sarrving €0, coclonotus was determined by
the presence of the pars stridens on the head of the female (Wood, 1961). When
more than one €. coclonolus wius present per bectle, their sex was also determined.

Host specifiesly.—A survey of the bark beetles in Californin revealed Coreoleipus
coelonotus adults to be phoretic on Ips confusus and L. montanus (Eiehl.), both
of which belong to Hopping's Taxonomie Group 1X (Hopping, 1963). In addition,
there were questionable records from Dendroctonus hrevicomis and 1. emarginag-
tus. To determine the host specificity of (. coslonetus, five males and five females
eaeh of ten speeies of bark beetles were confined in petri dishes on filter paper
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with ten €, coslonotus sdults for two hours. The beetle species tested were: Ipg
latidens (Group O, Lanier, 1967) from Pins ponderosa, I sesiconus ( Group I
Hopping, 1963) from P, muricata, I. emarginaius (Gronp I, Hopping, 1963)
from P. jeffreyi, I. plastographus (Group 111, Hopping, 1963} from P, muricats,
I. pini (Group IV, Hopping, 1963) from P. conferts, I. confusus (Group IX,
Hopping, 1963 from both P. ponderosa and P monoephylle, I montenus (Group
IX, Hopping, 1963) from P. monticola, Dendroctonus Drevicomis from P, pon-
derasa, D, joffrewi Hopk, from P, jeffreii, and Seolytus ventralis Trom Abdes
concolor. Counts of the number of phoretic mites were made every 30 minutes,
and eaeh test was replicated five times.

All tosts were eonducted in a dry atmoesphere, under illumination of 500 luxes
{measured with 4 Weston llumination Meter<Madel 758) and at & temperatuee
of 31+ 0.5° C, The mites used in these and all subsequent tests, unless stated other-
wise, were eollected from Ips confusis in Pinws monophylle ot Lake of the Woods,
Kern County, California, and were held for 24 or more hours on a moist substrate
ut 3-5% O prior to testing. Wight additional host speeifieity tests were conducted:
(1) Ten Cercoledpus coclonotus adults were confined with ten I, eonfusus and
ten Dendroctonus brevicomds adulis for 30 minutes; (2) Ten I, confusus eneh
marked with a dot of paint on the pronotum and ten 1. mexicenns were eonfined
with ten €, coelonotus; (3) Ten . eonfusus rveared from P, pondeross and ten
I, confusis reared from pifon pine (marked with paint} were exposed to ten €,
coelomatus collected from I, confuswus gallevies in pifon pine; (4) Test 3 was
replicated five times using ten €. coelonotns collected from I, confusus galleries in
ponderosa pine; (5) Ten I. monfonus (marked with paint) and ten I. confusus
regred from pifion pine were confined with ten €, eoelonotus vemoved from I
confusus galleries in ponderosa pine; (6) Test & was replieated using ten .
coolonofus removed from 1. monienus galleries; (7) Ten I, confusus reared from
ponderasa pine and ten T, confusies reared from pifion pine (marked with paint)
were exposed fo ten € coclonotis collected from . montonus galleries in western
white pine; and (8) Ten €L coclonolus adults were given a ehoice among twenty
I, confusus, tenof which were marked with paint,

Initiation of phoresy—Efect of humidity; Maturation of bark beetle broods
i accompanied by marked physical changes in the environment. Most notable of
these i8 n rvise in temperature and a lowering of the moisture content of the
phloem. 8inee Cercoleipus coclonotus adults attach to Fps confusus under a wide
rangi of temperatures (3-82° O, phoresy may be initiated primarily in response
to changes in the relative humidity. This was {ested by confining tén mites and
ten . ponfusus adults in the bottom section of plastie petr] dishes (100 mm in
diam, = 15 mm ) the tops of which were covered with nylon eloth. These units wers
inverted and taped to bhottom seetions of petri dishes of the same size, which eon.
tained filter paper saturated with various concenirations of KOH {Peterson,
1953), The relative humidities used ranged from 11 to 100 percent, All tests were.
eonducted at 24° € under an illumination of 500 luxes and replicated four times.:
Mites used for the first three replieantions were held at 59 € on a saturated subs
strate for 24 hours prior to testing. Those used in the fourth replieate were held
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ut 22° Coand 50 pereent B H. for-ene hour prior to testing, Counts were made at
A0, 60-, and 120-minute intervals:

In g similar manner the effoet of the moisture level of the substrate on the
inttiation of phoresy was tested. Fifty Coropleipus eoclonalusy adulis and twenty-
five Tps confusus were placed togetherdn each of two petri dishes, one of which
contained g drey and the other o moist piece of Glter paper. Every 30 minuates the
mites were eonnted, removed from the beetles and placed in the other peiri dish,
Bach group of fifty mites was lested four times, twice on g moist snbsteate and
twice on a dry substrate.

Sensory receptor sites: The role of sensory receptors in phoresy was studied
usingr methods similae to those of Parish and Axtell (1966, Adoll Cercaleepus
coclonotus and Fpsy eonfusus were placed together in a dey envirenment, and
those mites which mounted thie beetlos wore removed and anesthetized with ether,
Home of the mites were left intact and the palps or tarsus from one op more legs
were removed from others nnder 8 magnifiention of G0 nsing a 6 mm Zeigler,
Neadledype eye knife, Targd 1, a single tarsus 1 tarsi 111 or the palps were am-
putated. The fve proups of mites were held at 3—4° C on moist tssue paper for 24
hours prior Lo testing, Ten mites From cach gronp were placed with adult heetles
ina dry atmosphere {(40-30 pereent B TL) at 22° O and {he number of phoretic
mites in each group observed after 30 minutes. After testing, the mites wore re-
turned to o moist substeate and held ot 345 O for 24 hours before being tested
again. In this manner miteswoere tested on cach of three suecessive davs,

Renctiong of amputee and intact mites 1o an inseet repellent were stodied nsing
itn olfactometer which consisted of a glass tube (1 em in dinm, and 25 em long)
inserted into the side of 2 one-half pint envdboard ecarton, The ends of the tube
were eovered with eloth sereening alter the mites were introdueed. The earton
endclosed a small petrd dish econtaining filter paper saturated with 24 drops of
water o g solution of 8O pereent ethylhexanediol (612 inseet repellent), Twentyv-
five mites were introduced inte the tube and knoelied to the proximal end where
they were first exposed to water and then to the vrepellent, Before heing exposed
to the repellend, the mites were again knoeked 1o the proximal ond of the tube:
After 30 minutes exposure Lo each substanee, the number of mites loeated in the
distal 1 eentimeter of the tube were counted, This test was veplieated three times
uaine mites whicl had heen held For 24 hours on g meist substrate ot 3—17 O, Kach
eroup of twentyv-five mites was tested only onee.

Termination of phoresy.—To test whether volatile eomponents of {resh phleem
gstimulate termination of phoresy, heetles and mites were placed together in a
bowl containing dry paper toweling, After one hour beetles carrying mites
wore removed and divided into two groups and placed in ehambers like those
used in the humidity tests, The lower seetion of one unit eontained moist filter
paper and the other ground phloem from sugar pine. The nomber of mites still
attached was determined after one hour,

A similar test was conducted to determine the effect of odors emanating from
fresh frass on the termination of phoresy, In this test the bhottom seetion of the
control units eontained dry filter paper,



22 University of California Publications in Entomoloiiy

The same units were also used to study the effeet of relative humidity on the
termination of phoresy, Mites and beetles were placed together for two hours
after whieh ten beetles caeh earrving one phoretie adult Cercoleipus coelomofus
wire transfereid to cach of three test ehambers with relative humidities of 100
80, and 61 percent, Relative humidity was controlled by means of filter paper
saturated with KOH of different eoncentrations (Peterson, 1953). These tests
were condueted at 24° U onder an ilhimination of 500 luxes, Counts were taken af
15+, 30, and 60-minute intervals,

Ohther groups of nites were placed with beetles for 1 t0 2 or 3 to 4 honr intervals
on dry filter paper before the beetles carrying them were transferved to either
dry or saturated filter paper. Two hundred mites were nsed for each substrate
and period of confinement. Counts of the number of mites remaining on the
beetles were made after one hour,

Phloem sandwiches construeted from petri dishes ( Beanlands, 1966) were used
to abserve when the mites dismounted. Female Tps confusus earryving mites were
mtrodueed into petri dishes containing the phloem and bark dises in which nuptial
chambers had been exeavated by males.

Phoresy and flight initiation—"To determine whether the presence of mites on
adult beetles inhibits flexing of the elytra and flight initiation, 150 male Ips
confusus enrrying no mites on their elytea, 150 varrying 1 or 2, and 140 carrying
4 to &, were divided into groups of ten and placed on dey paper toweling in a
petri dish (15 % 2.5 em) at 500 luxes and 32 + 1% C. Counts were made of the
number of wing flexes oveurring within a two-minute period. The beetles used in
thess tests were colleeted from ponderosa pine et at Challenge, Yuba County,
California, in January, 1967, Newly emerged beetles wore hold on wet toweling
at 34 O for 24 hours prior to testing,

Phoresy and sustained flight —The effeet of the added mass of phoreiiec mites
on beetle flight was studied using a flight mill similar to that used by Chapman
(1954) and Atkins (1961). The mill arm was construeted of 1.6 mm aluminum
tubing and connterbalaneed with solder. Tubing of the sume diameter pivoting on
wire approximately 0.8 mm m diameter served as a bearing, The radins of the
mill arm was 15.9 em and the eireumference of the flight path equaled 1 meter.
Beetles were fustensd to the end of the arm with & mixture of hees wax and rosin
applied to the pronotum (Krongh and Weis-Fogh, 1951), Flight mill studies were
eorndueted in o constant temperature cabinet at 30-32° , 40 pereent 1. H, and a
light intensity of 500 luxes from a 15 watt fluorescent tube and a 40 watt in.
cundeseent bulb, The temperature range selected has been found to be the
optimum for flight initiation ( Borden, 1967,

The beetles used in these tests were eolleeted from ponderosa pine eut at Chal-
lenge, Yuba County, California, in January, 1967, Newly emerged beetles were
held at 3-4° € on wet filter paper for 24 hours and then allowed to warm to room
lemperature for 2 to 3 hours in o dry atmosphere prior to testing. Only those
beetles which exhibited a strong positive response were selected. Beetles wore
classified as poor fliers (0-5 minute flights), weak fliers (6-15 minute flights), or
strong fliers (flights of over 15 minutes). All mites found clinging to the clvtra
deelivity, coxal joints, or elsewhere on the heetle were removed with a fine foreeps,
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TABLE 1
Spasonal DecunrEscr oF DERCOLEPUS CORLONGTUS PronEr o8 Tre Coxrusos

23

Coraecren A1 Taxe or rae Woons, lKeny Cousty, CALironsia, 1967

Dhate Number beethin | Nambor miges | % Bmmber mites : I:]':::;:h:'r']:'im ]E?E:‘I:‘L‘Tﬁ
1.2 1,139 573 0.33 1.20 a7 1
1111 307 wo | 02 .21 21 4

Lo 475 187 040 126 | w4
V7 L4% | sm 063 1.54 W7
Vi 4,207 1,310 0.31 137 2.9

T viar e | 02 12 175

C w2z | Gear | 1,395 020 .36 148
1X-7 o, 347 Loz 0,16 1.1 144
K12 2007 1,10 0,40 | 45 Wi
X1 2508 80 011 114 T

XIS 4008 | 1,02 021 120 174

;bru.rl_v |.l.’§1|-:l:|:"-i o

and mmeAns 50, 142 10, i34 0,22 197 17,2

Mites whieh may have been beneath the elytra could net be removed without
injuring the beetle. However, earlier observations revealed that these were fow
in number and small in gize, Beetles were placed in stender dishes with Cers
eoletpus corlomotus adults and only those with the desired number of phoretie
mites were {astened to the mill arm, Twenty male beetles {ree of mites, twenty
male bectles carrving 1 or 2 and twenty earryving 3 to 5 mites were tested, The
starting and stopping fimes were noted for each beetle..

REstoms

Frequency of phoretic mites—Adult Cercoleipus coelonotus are phoretic on
heetles of hoth sexes, Mokt beetles earry only one mite but up to eight have heen
obzerved, The mites mayv he all of one sex op mixed. They eling {o the becetle by
means of the ambulaera of legs 11-1V and by the ehelicerae, which thev clamp
onte o seta. They usunlly attach dorsolaterally on the pronetum and elytra with
the elyira heing the usual loeation,

More beetles were foumd to earry Cercoleipus corlonatus between Jarnmary and
June than between July and Deécember (table 1), A hieghly signifieant. (P <2 0,01)
positive correlation was found between the mean number of mites per beetle nd
percentage of beetles with mites. Therefore, an inévease in the nuwmber of beetles
sarrying mites is aceompanied by an inercase in the number of mites per heetle,
Hypothetieal tfrequencies calenlated for a Polsson distribution show that selee-
tion of beetles was not entively random (fig. 1), OF the 50,062 heetles examined,
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Fig. L. Expected and ohserved frequancies of Crerooleipits coelonotys phoretic on Ips confiss
cxpregsed g percent of the entive collection.

8619 carried (0, coclonotus distributed as follows: 80 percent only ene, 14 pereent
two, 4 pereent three, and 1 pereent four.

Host specificity,—The number of phoretic mites was lowest on Ips lofidens and
highest on I, confusus and 1. montanus (table 2). When nonphoretie mites in the
[, mexicanus test were placed with I, eonfusus from pifion pine, all beeame
phoretie, Phoresy of Cereoleipus coclonotus on Dendroctonus ponderosae and
Secolytus ventralis was extremely low, The number of phoretic mites remained
relatively constant on all host speeics during the two hour tests,

When permitted to choose between equal numbers of Ips confusus and Den-
droctonus brevicomis, and I. confusus and I. mexicanus, Cercoléipus coslonotus
eonsistently selocted 7. confusus (fig. 2). €. coclonotus removed from I. confusus
galleries in Pinus monophylla selected beetles which had emerged from P. mone-
phylla in preference to the same species emerging from P, ponderosa. However,
(. coplonotus removed from I, confusus galleries in P. ponderosa showed no pref-
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Fig. 2. Host seloction by Cerpaloipus coclonotus rearad with Ips confusus from Pinus monophylla
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erenee for bectles roared from that host, € caclaneius removed from T, sonfenis
gatleries i western white pine and from I eonfusus galleries in ponderos pine
showed o definite prefrrence for I, mentanus over I, confusus. €. coclonotug To-
moved from 1. montenus galleries and present with equal numbors of L confusis
removed from ponderosa and pifion pine preferred 1 confusus reared {rom pinon
pine, Marked beetles were less preferred by €, coclonetus than unmarked beetles
of the same spesies (table 3), In the preference studics marked beetles were pre-
forred over nonmavked beetles by €, eoelonatis; therefore these data are con-
servative estimates of preferenes exeept when there were no differences,

TABLE 3

SovnER 0F Apont CRICGLEIFTES coRLoNOTUs Arracimgd To UsvaiiEsn AND
Manken Irs coxrrars® vros INDE MORGPHYLLA

eplicate e S [ty il ey o4
1 N -ln 5 -
o 2 i i b
8 10 i 3
4 i 10 T - I
5 | w | 3 N
_l“f_-rcen.mze]:Ilm'r!l.i-: . i B 24 =

* P rnaeked anil ton ennorksd BGoetbes wid paec denl,

Initintion of phoresy—Effeet of humidity: Relative humidity did not influence
the rale of phorvesy (table 4), However, the rate of phoresy on 4 dry substrate wos
higher (90.5 pereent) than on a wet substrate (67.5 pereent) {x' = 31.6%%).

Sensory Teeeptor sites: With the exeeption of those lacking tarsus I, the per-
centage of intaet and amputee Corcoleipus coelonetus attaching to Ips confusus
un the third day was similar to that obtained on the first day {table b). Phoresy
by intaet mites ranged from 60 to 100 pereent for the 15 replicates; that of palp-
less miles between 10 and 50 pereent for vight replicates, while mites lacking
jarsi I did not exhibit phoretie behavior, Miles lacking tarsus T or tarsi [T ex-
hibited redueed phoresy, €, coelonotus lacking tarsi 11T did not move as rapidly
ay infact mites and those lacking tavsus I, and like palpless mites, died earlier.
Siner mites lacking these appendages beeame phovetie, yet received injurics com-
parable to those lacking tarsi I, the lack of phoretie hehavior in the latter group
eannot be attrituted to shoek.

Mites with tarsi I or the palps removed were much less repelled by ethyl-
liexanediol than intaet mites (tablo 6).

Tormination of phoresy.—Mites did not abandon the beetles in response to the
volatile components of fresh sugar pine phloem or beetle frass (table 7) or to an
inerease in relative humidity (table 81, When the subsirate was moist, 49 pereent
and 81 pereent of the mites terminated phoresy after 2 and 4 hours respeetively,
wltile o a dey substeate only 16 pereett and 80 pereent terminated phoresy after



TABLE 4

Pemizvy or Cercolsmrrue costoNorrs Paorero ox Irs cosrtsus rRoM PINTS MONGEETLLA
ar Vamovs R. H. Levess arrer Two Hooss

-| Helstive humldities
o 11 | a 1 8 it & A ¥t 100
1 53 o0 923 1] 0 T T0 a7 110 43
2 101 o7 100 100 o7 o7 o 10 97 a3
a &0 &4 83 100 100 o7 &7 il 50 G0
4 83 a0 ] Hi) 3 87 87 100 ) 93
Mean number mites
por observation S8 .0 91,4 {00 93,2 D41 833 B, 6 1.6 B0
TABLE 5
Pronesy or Anvir CEROOLEDUS CORLONOTES BN Irs coNFusUs arTeER REsmovan oF Tarsus I, Tarsi 1, Tamst L1, or Tue Paips
Clontrol Trsiis I rommeoved Tarni T eernoved Twrni 1T removnd Palps memoved
Daye altor surgecy Tereantage roontage
Repili- P Perren : Peroantigs Rapli- .
oalas* m ﬂt phuﬂ“r ‘;‘lﬂd‘ phorotia e ® frhoretie E{tu‘ P:-hm:r
1 5 Ry 8 62 a 0 3 R b 22
2 5 78 (i3] b i [T 30
3 il 2} a8 5 0 1 4

* Ten mitos per meplicata,
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TABLE &
Nospel oF INTact AND AMPOTER CERCOLEIPUR cOELONOTUS HEPELLED BY ETHYLHEXANEDIOL

Tntnat Tural T mumoved Palpa removed
Tephionte®
Water Tlepallont Waler Repellant Water Hapmllent
1 7 18 4 T fh [i]
2 1] 16 | i a 4 b
3 1 12 ] 2 2 | 1

* Twenty-five mites used por replicsto per treatmant,

TABLE 7
Numper or OBacoLErUE coptoxoTus REmaNivg Prooreric o¥ Irs coxrusoa
1w TuE Presgxce oF Fresa Pooes asno Maie Frass

Number phoretic Nutnher romaining Number muiﬁl_
Matorial tewind al siart phorstio phiretlo in oow
Phloem 57 18 51
Fress a0 44 45

* Suime number of mite phoretic st otart ne in the treatiment.

TABLE 8

NusieER oF CERCOLEIPUS CortoxoTrs REMarsiye Pronemo o [rs coxFUsUS
AT Vamous Revarve Hosiorries

Number pliaretlo alter)
. 1. T === Mean rate of phoresy
18 muun.® I A0 mink | & min,
100 15 ! 42 | 41 85
80 45 ‘ 46 # 0%,
il 43 : 11 41 857,

» Flity plonitic miles nt stard,
b Farty~olght phorwtio mites at start,
« Foriy-ninn pluretic miles gt start,

these time intervals, Most mites in a dry atmosphere move rapidly in a tight eir-
cular pattern and readily remount the beetles. A few remain motionless beside
the beetles, remounting them only when they move. In contrast, mites leaving the
beetle and encountering a moist substrate move more slowly and wander away
from the host.

Phoretie (. coclonotus in phloem sandwiches dismount ss the beetle passes
through the entranee hole. Only rarely did a mite remain on the beetle entering
the nuptial chamber.

Phoresy and flight initiation.—The presence of 3 to 5 adult Cercoleipus coslono-
tus on the elytra of Ips confusus significantly reduced the number of wing flexes

(table 9).
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Pharesy and sustoined flight —Beeause the elytra of bark beetles are vibrat
during flight, it was suspected that the increased mass due to phoretic mites ¢
produce fatigue, whieh would reduee flight velocity and distancs traveled,
average mass of an Ips confusus elytron (X of 40 male elytra) is 240pug and
of an adult Cercoleipus coelonotus about 90pg (X of 42), No significant diffes
enees were found between the flight veloeities of beetles carrying 1 to 2 mites
those carrying 3 to 5, hut the veloeity of both groups was significantly less
those {ree of mites (table 10),

TABLE 8
Niumer or Wrve Fuexes or Mate Irs conrrsts CaniviNg Vamrous
Numunrs oF CERCOLIIFUS 0OELONTOS

N bier of Numbaer Number M e wi
l-bﬂ?;ntiu niten m EI-::;-’I nﬂr ué"&'-'ﬁ:p;nﬁ':," t
0 150 3640 L | e
1-2 150 360 1.0 0,135
35 141} 207 0.95 i PR

Discussion anp CoNonusions

Adult Cercoleipus coelonatus exhibit a definite preference for Ips montan
and I. confusus over other speeies of Ips, or species of Dondroctonus and Seoly
that were tested. This finding is consistent with the colleetion data for this speeies
exeept for the questionable record of €. coclonotus from D. brevicomis, Beoavst
L. comfusus and D. brevicomis often infest the same tree, O, coolonotus may
come phoretie on the latter species if I. confusus is unavailable, The two sib
species now known as I, confusus from ponderosa and pifion pine are equally pn
ferred by C. coelonotus when only one is present. The host preference exhibi
by this mite in deercasing order was: I. con fusus and I. montanus (Group XY,
I. plastographus (Group IIT), I. pini (Group IV), 1. mexicanus (Group I), I
emarginatus (Group I1), and 7. Tatidens (Group O). Within Giroup IX the ord
of preference appears to be I montanus > I. confusus, ex. P. monaphylls >
1. confusus, ex. P. ponderosa.

When dislodged from a suitable host, Cercoleipus coelonotus moves in a tig
cirele which usually brings it back close to the beetle. At a distance of seversl
millimeters it moves direetly towards and remounts the bestle, Such behavi [
together with the definite preferences exhibited suggests that olfaction is i
portant in host recognition by €. coelonotus.

As Cercoleipus coelonotus walks, the forelegs are waved back and forth abe
the substrate while the tips of the palps tap the substrate, This behavior is simi
to that of Macrocheles muscacdomestione (Favish and Axtell, 1966) and Parasit
coleaptratorum (Rapp, 1959). Like most trigynaspid mites, €. coelonotus ln
caruncles and elaws on tarsi I, but numerons setae occur distally on this segm
and the palps.

The mean phoretie rate of 55 pereent for mites lacking tarsus I and the a




TABLE 10

Fuicar TmEe, Merers FTuows asp VEwooomy or Mawk Tes conevsos Cannving Vamovs Nousers oF CERCOLEIFUS COELONOTDS

Nunber of Nig.l:l hri& Metars Oown Flight time (min.) Velosity
'.rmnit-e-el"l y Husipe Mean Rangs Mean Hauge Mpan
1] H) 1071-12547 45,2 21.39-255. 14 B6:72 30.5-65.6 5045
1-2 20 1076-10583 5120.95 2112230 654 115,88 . 6-57.3 44.72
35 20 TH-10573 3419, 55 20.20-218 .27 T0.58 #7_6-51.1 4130

* Bignificantly different nt 0.00 bovol [Duncan's mulliple range tesi),
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of phoresy for mites lacking tarsi I, as compared to 83 percent for intact mites,
suggest that Cercoleipus coelonotus probably orients by odor intensity diserimina-
tion. Mites lacking palps do not respond to repellents and the rate of phoresy
initiation is redueed, Sensory reeeptors which respond to a repellent reside on
hoth the palps and tarsi I, whereas those stimuli which govern the initiation of
phoresy are received primarily by tarsi I, However, the reduced rate of prhoresy
by mites lacking palps suggests that sense receptors on these appendages are also
involved in the host perception. A phoretie rate of 50 pereent by mites lacking
tarsi ITI is probably due to interference with normal locomotion,

Initiation of phoresy is not influenced by relative humidity or temperature
and is redueed by only 20 percent on a moist substrate. Adult mites remain at-
tached even in the presenes of fresh phloem and beetle frass and do not terminate
pharesy in response to an inerease in relative humidity, They remount the bestles
immediately on & dry substrate, but phoresy is inhibited on a moist substrate,
The termination of phoresy is, in part, a response to contaet with moisture, The
infensity of this response inereasss as the length of phoretie association inereases,
probably as a result of inereasing desieeation. Mites phoretic on beetles introdueed
into phloem sandwiches almost always dismounted as the beetles entered the nup-
tial ehamber and remained on the bark surface for some time before also entering
the nuptial chamber. Trees under attack by bark beetles probably have more
surface moisture than trees from which the beetles are emerging,

Wing flexing hy beetles carrying 8 to 5 Cercoleipus coelonotus is inhibited and
flight veloeity of beetles with phoretie mites is reduced. These findings indieate
that phoretie €. coclonotus may decrease the dispersal and host finding eapacity
of their bark beetle host

BEHAVIOR OF ADULT CERCOLEIPUS COELONOTUS

The hehavier of only a few mesostigmatid mite species has been investigated,
.., Ophionyssus natricis (Camin, 1958), Parasitus colsoptratorum {Rapp, 1950),
Maerocheles muscaedomesticae (Farvish and Axtell, 1966), and Urochovella mar-
ginata and Uropoda orbicularis (Fansch and Schaller, 1966, The omly behavioral
study of & trigynnspid mite was performed with Euzercon latus { Hunter and
Davyig, 1965),

MarErisLs Axnn MeTHODS

Kespanse o temperature—Reactions of Cercoleipus coelonstus to a linear
temperature gradient were observed using an apparatus similar to that used by
Camin (1953). A trough, approximately 100 em long, 5 em wide, 5 em deep and
eonstrueted of sheet iron was supported at one end by a tripod and the other
end was inserted into a eanister. The trough was filled with sand, and a rlass tuhe
(80 e long, 1 em in diam. ), sealed st each end, was half buried in the sand. This
tube was provided with five vertical tubes 1 em high and of the same diameter,
loeated in the eenter and at 10 and 27.5 em from each end. The sand was saturated
with water, and the flame from a bunsen burner was applied to the end of the
trough supported by the tripod. The canister supporting the other end was filled
with iee and water and the system allowed to stabilize for about 20 minutes be-
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fore introducing the mites. A temperature gradient ranging from about 8° C to
527 C was thus established. Temperatures were measured with a thermoeouple in-
serted into the sand next to the outer surface of the glass tube.

Four mites were introdueed into each vertical tube and allowed to walk along
the horizontal tube for 15 minutes before making an observation, Each test was
replicated five times. All mites used in this and subsequent tests were kept on
moist filter paper and held at 3-5% C prior 1o testing,

In addition adult Cercoleipus coslonotis were exposed simultancously to two
temperatures in o choice chamber, Water of two different temperatures was
placed in each side of a plastic sandwieh box (114 x 10.3 = 3.3 em deep), which
was divided by a plastie partition cemented to the bottom section, Fifty mites of
both sexes were placed on the lid of the box, and the bottom seetion of a 10 em
petri dish was inverted over the arena, The temperature on each side of the
partition was measured with a thermoeouple. Observations were made 10 minutes
after introducing the mites,

The walking rate and number of turns made by ecach mite was measured using
gimilar equipment, except the bottom scetion lacked a partition and graph paper
was eemented to the underside of the arena. The walking rate and number of
turns of ten male and ten female mites exposed individually to 16% €, 23° C, and
31.5-35" C was recorded.

Besponse to humidity—Cercoleipus coslonotus adults were placed in eells con-
strueted from the bottom sections of 9 em plastic petri dishes. One section was
covered with organdy cloth and two holes were drilled in the plastie surface. This
seetion was inverted and taped to another dish which was divided by a plastic
partition. Pilter paper saturated with KO solutions of different eoncentrations
(Peterson, 1953) was placed on each side of the partition, and fifty mites were
introdueed through the holes. The following humidity gradients were used:
21-39, 89-50, 50-69, 69-80, 80-90, and 90-100 percent. The mites were held on
moist tissue paper for 24 hoors at 3° C prior to testing and all tests wers con-
ducted at 247 €, Bach group of mites was expased for 7 hours and ohserved at
30-minute intervals,

The locomotion and turning rate of female mites in uniform environments of
90 and 21 percent R, H. were determined. A square of graph paper was placed
on the organdy floor of the above deseribed chamber and the partition exeluded,

Thirty palpless mites, thirty mites lacking tarsi I, and thirty intact mites were
exposed for 60 minutes on three different days to a humidity gradient of 21-90
pereent R, H. Amputations were done on mites anesthetized with ether, after
which they wers held at 3% C on moist filter paper for 24 hours before testing.
Intact mites were also anesthetized and held under the same conditions, Each
group consisted of both male and female mitea, Amputations were performed
with a 6 mm Zeigler, Needle-type eye knife

Response to light —ifty adults were placed in a 9 em plastie petri dish having
half the top seetion painted black. This unit was illuminated from above by direet
and diffuse light of various intensities from a mieroscope llnminator. Diffuse
light was produced by placing a piece of opaque plastic between the illuminator
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TABLE 11
PERCENTUGE OF CERCOLEIPUS rOELONOTTS AGGHERATING 1N A4 ClLasetine
THEERMOUILADIENT AT H-2G% (C*

Tt Prroentags Minjmm Hm:_mm_lm Maximim tem perntarn
1 55 e ar
2 | 19 33.5°
3 it 16.5° e
4 Fit] 14" 85.5°
5 5 13.5° ar

* Trenty mites oxposed per Leat,

TARLE 12

Prrepstaoe or CEECOLEIFTS COELONOTLE AUuRPGATING AT Vamiors
Tresremarunes 18 Two Caows TesTa®

Teenperature combinstions tated (02)

n v, a | =3 A, e | o A, - of w i 0 11 Vi, an*

8 22 F s b7 | 4 bt H sl 24 70

* Fifty mites sxpsed per toaf,

and petri dish, and the heat was removed with n water bath. All tosts wore son-
dueted at 22-23° € and 52 pereent R, H. Light intensities were measured with a
Weston 1lumination Meter (Model 756).

To test the effeet of Jight intensity on rate of locomotion, twenty adults were
exposed at 1, 4, and 48 footeandles. These tests were eondueted in diffuse light at
22-247 (0 nnd 55 pereent R. H, The effeet of colored light on rate of lovomation was
determined by exposing ten mites to red (Wratten A), yellow (Wratten G and
green (Wreatten XT) filtered light at 50 footeandles.

The response of adolt mites to a horizental heam of light from o microscope
tHuminator was also determined. Light intensity varied between 56 and 860 {oot-
candles in the arena. Twenty-five mites were released at the point reesiving 480
footeandles, and their paths were traced on graph paper. Heat effeets were mini-
mized by beaming the light throngh a water bath, All tests were condueted in a
darkened room a1 21.22° (' gnd 55 pereent R, I,

factory respumse—Fifty adults were placed in ehoiee chambears similar to
those used in the humidity tests, but the bottom seetion was divided into quarters.
Fresh Ips confusus frass produced by both male and female beetles boring in
Pinus pondirosa, freshly ground phloem from P. ponderose, wet and dry filter
paper and a total of twenty live male and female I, confusus were plaeed in the
hottom seetion in various combinations. The positions of the mites on the argandy
floor were noted at half hour intervals for three hours, These fests were ean-
dueted at 20° C and again at 30° C. The turning rate of mites sxposed at 30° C to
ench of these odor sources was also measured,
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The olfactory response of mites lacking tarsi 1 or palps and intact individuals
were observed, Thirty mites from caeh group were exposed simultancously to
ground ponderesn pine phloem and moist filter paper. Bach material was pre-
gented in 3.5 em petrd dishes and placed in the bottom seetion of the above cham.
ber, These togts were repested on three different days and eounts were made at
30- and 60-minute intervals, All tests were condueted at 307 C and between tosts
the mites were held on moist filter paper at 3" C,

Response to contact—Twenty-five adulis were introduced into a sandwich box
half of which contained pieees of clear plastic about 14 inch square. After 30
minutes 4 ecount was made of the number of immobile mites beneath the pieces of
plastie, This test was replicated three times each at 22 and 32° C at 55 per-
cent 7L H,

TABLE 13
Mreax Teumxo Bate or CERCOLIETS COELONOTER
A1 DiprpnesT TEMrERATURES*

Temparatino E number turnn/see.
81.5-35° C 1. 00A~
28 . 850
18* 0.550

* Twanty-five mited nrpossd at ench Lo poratare,
& BlgniBoant from obher treatomats st B-mwﬂ [Dgnemn's multiple fuoge test].

Response to gravity.—A total of twenty-five adult mites of both sexes were
placed in the center of a 9-sq in. section of graph paper taped to an inelined draw-
ing board. The direction of their movement was recorded twice at an angle of
30° and onee at 70°. Each test was replicated five times. Mites used in the
707 test and in one of the 30° tests were held on moist filter paper for 24 hours
prior to testing at 3° C. Mites used in the other 307 test were held on a dry
substrate for 1.6 hours at the same temperature prior to testing. All tests were
conducted at 22° € and 55 percent B, L

Resours

Response to temperature—Fifty percent or more of the mites placed in the
thermal gradient selected a region between 20 and 26° C (1able 11). The preference
for temperatures in this range was again exhibited in the two-choice tests (table
12). As mites approached areas having a temperature below 20° © they would tend
to stop and become akinetic or move back into the favorable zone, Mites are most
active at temperatures between 30 and 35° ¢! (fig: 3). In this range the average
rate of locomotion of fomales end males was 4.6 mm and 7.8 mm per second,
respectively. Both sexes becoms akinetie at 11% C, increased in rate of locomotion
up to about 36% C, and deereased nhruptly between 36 nnd 427 C. Beveral seconds
exposure to 50° C resalted in death. Males moved at a faster rate than females, pos-
sibly as & result of their greater size. The rate of turning also inereased with an
incrense in temperature (table 13).
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g, 3. Hate of loeomotion of Cercoleipue coelonotiug males and females ot various temperntures,

Response bo humidity—When permitted to seleet between two aveas at different
R. H., Cercoleipus coelonotus consistently scleeted the area of higher humidity
and this number tended to inerease as humidity inereased (table 14). Ninety per-
cent of the mites selected an area at 100 percent R, H, over one at 90 percent R, H,,
but anly 61 pereent selected an area of 50 pereent R. I1, over ane at 39 pereent
R. H. Rate of locomotion was not affeeted by humidity. In an atmosphere of 90
pereent R, H. adults moved at a rate of 3.5 mm/sec and at 21 percent R, H, at a
rate of 3.8 mm/see. The turning rate at the higher and lower R, H. were signifl-
cantly different (table 15). Intaet, tarsiless, and palpless mites responded simi-
larly in humidity gradients ranging from 21 to 80 percent R, H, (table 16},

ftesponse to light.—In direet light of 170400 footeandles signifieantly greater
numbers of mites aggregated in the dark area (table 17), However, no significant
differences were found among the three light intensities tested. Mites moved friealy
between light and dark areas without exhibiting klinokinetie behavior {Fraenkel
and Gunn, 1961);

The mean rate of locomotion at 48 footeandles was significantly greater than
that at 1 or 4 footeandles (table 18). Rate of locomation within a horizontal beam
of direct filtered Hght was random.



Ttesroxsr o CrrooLEmrts coELoxoTus 0 Husmrry 18 Yarovs GRADIENTS

TABLE 14

i . Winber responding in the following bumidity gradients:
i noove 3% g owe. BEG B owm 009 6 vn, B0 B owm. 00 o v 100
1 11 ag 14 an 18 32 3 47 1 k] 2 45
2 13 a7 1% 3z For = i 44 i 43 b 45
3 18 32 17 3 19 3 T 43 1 46 1 46
4 0 30 19 41 15 a5 7 43 4 R L] T 43
& 17 33 1 23 10 3l 7 4 b 45 8 42
i 12 a5 bt 28 14 306 14 a6 3 4w i 45
7 16 34 21 0 16 34 11 30 4 AG ] 47
Percentage { 20 T 30 Gl ) i) 16 & 8 02 10 80
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TABLE 15
Trusme Ras or CEROOLEIPOS COELOROTUE 1N [EsroNss T
21 axp W Precext I, H,

Huenidity Mumber tested X number turnoese.
21 - x 0.1064
£ i 0.49%
=520, -
TABLFE 16

HRearonse o Invact ann Asrores CERCOLEIPUS COELONOTUR TO A
Guaprenr oF 21 o B0 Percexr H, H.*

| Intuut inites Falplea miles I Tzl lesww 13l b
Dhay Fime !
(i o, )
T 0% A% [ % (1)
a0 i 2% | i 26 11 10
1 |
il i} 4 1 20 4 26
T 2 2 3 a7 B 2
o ——. | A h
B0 2 28 2 28 ] 24
30 | 4 20 10 20 12 18
3 l —
i) | 1 20 2 5 9 21
Mepn number mites
per obaeryation T 20.3 3.7 268 8.0 22.0

* Thirty mites cxpusod por test,

Olfactory response.—Adults exposed in a choiee chamber to adult Tps confusus,
male and female {rass, moist paper, and phloem preferred I. confusus adulis at
207 C, but at 307 € ground phloem was most preferred (table 19). The turning rats
over phloem was significantly reduced rom that over the other test substances
(table 20), Mites selected wet filter paper over adult 1. confusus but selected
I, comfusus adults over dry filter paper {(table 21),

Intaet and palpless mites seleeted cround phloem over moist filter paper,
whereas tarsiless mites displayed no preference (table 22), The response of palp-
less mites to phloem was consistently less than that of intaet mites and was eon-
siderably reduced on the fourth day.

Responge to contect.—Adult Cercoletpus coelonotus tend to become arvested
when both their dorsum and venter are in contact with solid objeets. Many become
immobile with only the anterior edpe of the podonotum in contaet with a piece of
plastie, At 22° €, 42 percent of the mites were arrested while at 32% C, only 8 per-
cent exhibited this behavior (table 23).

Response to grovity—Cercoleipus coelonotus preconditioned on both moist and
dry substrates did not exhibit a geotactie response on an inelined surfaee (table
24).
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TABLE 17

34

Besroxse oF A CEreoLeros commoNorus 10 Lioar anp DABE AReas®

Light source (i st el by S
30 20
LifTuae i 31
™0 2,88
28 footeandlos il b
1200 il
a0 a2
Thireet i B
— 39,25 16,420
170 footeandles ) a4
T30 20
30 as
Direct ] 22
: _ 31.50 13.52%
400 footeandles Kl 34
14} 32
* Filty mites pxposad per test.
TABLE 18

Rare or Locodorios oF CRRCOLEIPUS COFLONOTTE AT
Increasivo Licur INTRxerrms®

s . By oo
1 1.1 4 1:8
4 T}.B'—l. i 1.1 -
18 l 1,87 3 1

* Twonty it oxposed per téat,
& Signilnnt from other treatments st 001 lovel (Diunean’s multlple ougs. Leet),

Dscuzsion anp CoNoLUsIoNS

Adult Cerealeipus coelonatus seleet o temperature zone of 20 to 267 © by a com-
bination of arthe- and klinokinetie responses. Above 26° © the rate of locomotion
and turning ineveases while below 20° € the turning rate decreases and movement
becomes linear, Increased locomotion and turning at high temperatures tend to
return the mites to a lower, more favorable temperature. This behavior is similar
to that of Ophionyssus natricis at high temperatures (Camin, 1953) but unlike
0. natricis, (. coslonotus does not display inereased klinokinesis ot temperatures
belaw the preferred zone, The slower rate of locomotion and more linear movement
at temperatures helow 20° C eould trap the mites in eaoler regions. However, when
exposed to twa temperatures, one within and one below the favorable zone, C.
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TABLE 19
Resronss oF CRRCOLEIFUS COBLONGTUS 70 BEvEmiL Opor Bovnces
1% A CHowE Coadben
X numbier® responding in two tests o
e e ek, Wt (il Adult 7 i Clround
:t..llwbur Aalul LN_:I-Iu e ;m-nu pﬁfm
an 11.5 14.5 5.5 15.56
(1] 10,5 1556 12:10 12:0
1] 11.56 13.5 19.0 6.0
me = — LI LA
1210 0.0 180 11.5 10.5
1500 13.0 2.0 9.6 .0
180 10.5 22.0 11.40 fh, &
X number
responding 11.0 I7. 35" 118 .35
A 2.0 4.0 1.5 42.5
i 1.0 .0 1.0 42.5
i 0.5 6.0 1:0 42.5
0 C = —
120 5.0 9.5 2.0 oa. 8
153 3.0 11.0 1.0 B 1THY
150 4.0 6.5 4.0 3.6
X number
responding | 2.6 7.1 1.75 38,550

* Filty mitea pxposed por toat,
= Bignificant fram othor trestmenta at 0,00 jevel Eﬂlu.nm'u multiple range teat),

b Bignifieant from other trestmmonts st 0.01 level

Turnine Hate or Concoleirns cormoNotts v RESPONSE T Fimoss,
Waren, anp Irs conrusus Frass anp Apuvwrs

TABLE 20

Dhuncan's multiple tange teat},

Bubstanie Number testod E number turnssee.
Phloem 10 0.54*
Chers combrinad 10 0. 08

* § == 306

coolonotus did not heeome trapped at the lower temperature, Avoidance of tem-
peratures below 20° C is aceomplished by abrupt turning moevements observed in
the transition zone,

When given a choice hetween two relative humidity regimes, Cercoleipus
coelonotus always seleets the higher of the two. Since mites lacking palps or tarsi I
react similarly to intaet mites in a humidity gradient, the hygroreceptors prob-
ably are located on other portions of the body. Several speeies of Macrocheles
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TABLE 21

Resroxsg or Cercorerrrs Cogrovorys o Iea conFusns Anunms and Wer or
Dar Fiurer Parer 15 & Fora-cuomer Cliamuirn

Number reapomling Lo:
Kumber tested ti;r::E:.-} Wat I Dy Etnpty s Ehl:ﬂﬁ =i T
e fuprer tinn No. 1 ot W 2 o Sk
50 30 @ | 4 | 8 0 2
- 4l il 4 | fi ] i i)
- X number | [
responding A 43.5% 5.5 i I
' 50 o | 20 T T
5l o 0 14 H 1 205
& = é{.i | 5 B i I 29
A0 B 120 | y 9 & 4 | &2
T mumber .
responding = 13.25+ L) 2.4 29,250

= Bignitieant from obher trestmonts ot (W01 level {Duncan's multlple range teat),
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exhibit similar responses in a humidity gradient (Singh, MeEllistrem, and Rodri-
quez, 1967) but the loeation of their hygroreceptors is also unknovwmn,

The behavior of adult Cercoleipus coclonotus to temperatures above 26° C and
below 20°  and at low relative huamidities is consistent with the physieal environ-
ment of this mite. The preferred temperature range and high humidity are prob-
ably typical of Tps hark beetle gallery systems, Thus, O, eoclonstug will remain
in a favorable environment until the developing heetles open the inner hark to
desiceation and higher temperatures,

Examination of Cercoleipus coelonotus did not reveal any structures which
eould be interpreted as light receptors, such as those found in Ophionyssus nafri-
efs (Camin, 1953). €. coelonotus exhibited an orthokinetic response to a direct
beam of light. Sueh behavior eould eontribute to the aggregation of mites in
shaded arcas sueh as beetle galleries or under bark flakes. However, their response
to tempernture and humidity appears to be more significant in habitat seleetion,

The olfactory receptors of Cercoleipus coelanotus are loented primarily on tarsi
I as has also been demonstrated in Ophionyssus nalricis ( Camin, 1953), Parasitus
coleoptraterum (Rapp, 1058), Cosmolaclaps passali (Mollin and Hunter, 1964)
and Macrocheles muscapdomesticae (Farish and Axtell, 1966). The lower response
of palpless mites to phloem tissue indieates that these appendages may also bear
olfactory receptors as Rapp (1959) concluded for P. coleoptratorum, Mites lack-
ing a single tarsus T exhibit a vedueed phoretic rate, which again indicates that
the olfactory receptors ave located primarily on tarsi I Onee phoresy has been
terminated the response of €. coelonotus to phloem volatiles would divect it to an
aren of high humidity. High humidity tends (o inhibit phoresy and maintain
miteg within the beetle galleries,
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LIFE HISTORY OF CERCOLEIPUS COELONOTUS

From a survey of the mite fauna associated with Ips confusus breeding in
Pinus ponderosa and P. monophylla, both male and female Cercoleipus coslonotus
were diseovered to be phoretie on adult beetles. Immature mites were found only
within the beetle galleries. Large size, rapid movements and morphologieal char-
acteristies of the chelicera suggested that this species was a predator, possibly
on some stage of the bestle,

MaTERIALS AND METIIODS

The behavior and development of mites within bark beetle galleries were ob-
served directly using a modification (Bushing, 1967) of the phloem sandwich
technique (Bedard, 1933; Kaston and Riggs, 1937; Reid, 1958, 1962; Hopping,
1961), A uniform picee of phloem tissue from Pinus ponderosa, P. jeffreyi, P
lambertiana, or P. monophylla was confined between a plate of glass and a block
of wood. The edges of the unit were sealed with paraffin to prevent rapid desicea-
tion. Adult Ips confusus, carrying Cercoleipus coelonotus adults, were introduced
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into the phloem through a hole in the eenter of the wooden bloek, which was then
covered with one end of a gelatin capsule. All units were kept at 20 to 24° C,

Additional ohservations wers made by placing mites individually in plastie
boxes {19x 23 % 47 mmm} on moist blotter paper. Two nylon-covered holes in the
covers provided ventilation. The blotter paper was kept moist for 24 hours by
placing thess units in a plastie box (905 167 320 mm) and eovering them with
wet paper toweling, All units were maintained at 23 £ 1% ! and examined daily
at approximately the same time,

Longevity in a dry atmosphere was determined by placing twenty-five female
and twenty-five male Cercoletpus coelonotus individually in plastie boxes on dry
hlotter paper, The hoxes were taped and held st 22% C and 58 percent. B. H. Obser-
vations were made at hourly intervals. Bites used for this test were ¢ollected Trom
the elvtra of Ips confusus and held for at least 24 hours on meist filter paper,

The aceeptability of Ips confusus eggs and larvae as prey was determined
by confining individual mites in plastic rearing boxes with beetle ezgs. The number
of eollapsed chorions or dead larvae, when ccolsion oecurred, was determined
by microscopic examination after 24 hours. The mite was then transferred to
a new box containing five fresh eggs. One hox eontaining five eggs but lacking
a mite was used as a control. Mites used in veplicate T were held on moist blotter
paper for at least 24 hours before testing and those used in replieate IT were tested
immediately after removal from the beetles,

Nematodes of the family Diplogasteridae are associated with Ips confusus and
were suspeeted as potential prey for €. coelonatus, A colony of these nematodes
was maintained on a veast-phloem substrate. Pieces of phloem with nematodes
on the surface were added periodically to plastic rearing boxes containing indi-
vidual mites.

An attempt was made to establish the ineidence of endoparasitic and phoretie
nematodes on Ips confusus adults. Several hundred beetles from each month's
eolleetion were placed in 70 pereent alechol and the mmdersurfaes of the elytra
pramined microgeapienlly for freeliving nematode larvae, The abdominal eavity
way disseeted and examined for the presence of internal parasitic nematodes,

Cytologieal examinations of squashed testieular and ovarian tissne stained with
lactapropionie oreein (Dyar, 1963) were made in attempis to ascertain the sex-
determining mechanism of . coelonatus,

Ermsurrs

Life enele and longevity—The life eyele of Cercoleipus coclonetus is completed
batween 18 and 52 days st 23 £ 1% 0 and 100 pereent R H. (1able 25). The averago
developmintal period for both sexes is about 31 days, Since only the adult males
and females are phoretie, €. cosloneius must eomplete its development before the
beetles emerge. Under similar eonditions Tps confusus was observed 1o ecomplete
its life cyele within 80 to 40 days. Under natural eonditions I, confusus requires
from 45 to 60 davs to complete its life eyele {(Struble and Hall, 1955). OF the
102 ¢, coclonotus larvae isolated in the rearing hoxes only two survived to the
adult stage, One of these remained & protenymph for 21 days and then com-
pleted the deutonymphal instar in 6 days, The other individual required 10 days
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for each of the two nymphal instars, Although rearing individual mites from egg
to ndult was unsuecessful, ehservations of mdividual mites in phloem sandwiches
confirmed the total length of the life eyele reeorded in the rearing hoxes.

Adult €, coclonotus carried by attacking hark beetles will become phoretie again
ag these parent adults emerge to attack another host tree. Parent aidult emergenee
oeeurs ahout 20 to 30 days following the initial attack (Struble 1955}, Adult €.
coclonelus provided with food will live an avernge of 16 to 19 davs and one fomale
survived as long as 88 days. However, even without Tood male and female

TABLI 25
Loworviry or Insaring axe Aputsr CERCOLEIDUS CORELONGTHE

e Bnnge (dnys)
Koluration ——
Stapge MWt ® | [vEnawnl
Wi Maximigm

g 22 [; 1 b
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Protonymph 1 ! i | 21
Irentonymmph 14 . a i | a3
Totali dge 1o adult Al & B8
hnle it | Io 3 at
Fromnle W 1 3 1)

* Wumber cbserved completing no fndividuns] stage,

coelonotus will live for about 15 days. All stages of €, coelonolis may mirvive
the winter hut only adults and deutenympls have been eolleeted from the eom-
mun#l everwintering salleries of adult I, confusus.

Behayior within beetle galleries—Adult €. coelonotus wander throughount the
parent galleries, tapping the surface with their palps and waving the forelegs.
IT a4 mite eontaets a female heetle, it will retreat rapidly to the nuptial chamber,
The mite may also retreat to the nuptial ehamber and enter another eallory or
appress its eonvex ventral surface to the gallery wall and allow the beetle to pass.
When not searching the galleries, €. coelonotus will preen itself, cleaning the
palps with the forelegs and rubbing the cheliceran together,

Adult mites are confined to the parent gallerics due to their large size, but larvae
and the nymphal instars can sometimes eseape the parent gallerics as the phloem
desicentes and pulls away from the xylem. Molting of the dentonymph to adulls
may oeeur in the parent galleries or in the feeding palleries of the tenoral adulis.
When the latter oeeurs, the mites are in a position to mount the heetles hefore they
hore to the bark surface,

Mating and ovipesilion behavior—Young female €, coclonotus are often mated
prioe to becoming phoretie, However, mating also ccours in roeently exeavated
galleries. As many asz four attempts hnve been observed within a 15 minute period,
The male appavently senees the presence of a female gt o distance of several milli-
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Fig. 4, Mating behnvior of Cerooleipus coclonotes. 1, Male (anterior view) peroeives femalo.
8.4, Mule moants dorsam of female, &, Male moves up and down rapidly. 5, Mals turns toward
poaterior of fumale. 0-7, Male moves over femnle's opisthosomn onto her venter. 7, Male inserts
eheliveras into femnle's ganital prifien.
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meters beenuse he moves ropidly towards her and mounts her dovsam (fig. 4:1-3),
This is followed by a rapid up-and.down motion by the male {fig, 4:4), after
whith he turns towards the eandal end of the fomale (fiz, 4:5), and moves
rapidly over her opisthosoma onto her venter (fie 4:06-7), He geaspy the edgo
of her dorsum with legs 11 to I'V and inserts his cheliverss into the female’s
gonitul orifiee (flg, 4:71. However, no spermutophore was ever obssrved, Transfep
of the spermatophore from the male's genital orvifiee, which is between Jega 171
and IV, to the ehelieerae probably oceurs while on the female’s dorsum, The male
lacks a spermatodaetyl; the cheliceral appendages of both sexes appear to be simi-
lar, Mating is sometimes interupted by heetle movement within the galleries,

TABLE 24
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* Deutonymypihs molting e sdulis,

Bges are laid along the wall of the heetle egg galleries, usually in the vieinity
of egg niches (pl. 1), The female mite usually covers the eggs with beetle frass
and feeal pellets, or whien i oviposits on Blotter paper, it pulls fibers over the
crrs, Keges were observed in phloem sundwiches 6 1o 9 duys after introduction
of mites. However, some fomales are capable of ovipositing immedistely upon
entering the beatle galleries, as young females removed from brood logs and eon-
fined in plastic boxes often oviposited during the first day of isolation. Of twenty-
nine unfed female mites ovipositing on meist blotter paper, twenty-five deposited
1 egg in 24 hours, theee deposited 2 eges, and one deposited 4 eges. The number
of eges laid by any unfed mite never exceeded 5, although some survived for
30 days, Freundity of mites in phloem sandwiches was greater; one female €2
coclontus deposited at least 11 eges during a 16 day period.

The white, finely seulptured eggs are about 2858, long and 226u wide, Fram
both dorsal and lateral aspeets the eeg appenrs elliptical, but in a lateral view
the anterior end is more broadly rounded. As ineubation progresues, the egg be-
eomes darker and 458 hours prior to eelosion the larva can be seen through the
chorion, The setae on the opisthosoma and the legs folded agninst the ventral
surface are visible, The long vertical setae of the opisthonotum are appressed
against the body anteriorly. Prior to eclosion the larva cuts the chorion with its
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TABLE 27

- Number infested with:
Bampla Dute Location hh:::l;n:r ﬁﬂ? Percan
= s pled nemstodes | Froe living Gonborty- Tntosted
only anly Bath

Lake of the Woods,

1 XII-T-1967 Kern Co., Calif. 203 3 132 0 it 5.5
Lake of the Waoaods,

2 1I-10-1968 Kern Co., Calif. €47 3 &0 1 213 5.8
Lake of the Woads,

3 IV-12-1488 Kern Co., Calif, 227 0 10K 0 127 100
12 mi. W Chuchupate
Banger Sta., Ventura

4 IV-12-19658 Co., Calif. 214 x2 39 22 13 Bo.7
Mill Potrera Hd.,

& VI-26-1063 Eem Co., Calif. A0 1 12 1 186 9.5
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chelierae vonteally and posteriorly and eseapes by backing oul of the ehorion.
The éntire process takes about 25 minutes

Sex padio ot (table 260 and réaring evidence sugeest thatl the sex-determining
mechanism for € coclonalig Is not o hapladiploid type, In arehenstploy the sex
ritio wonld probably fuetuste, exceeding atl times a 40-60 ratio, From o telal
of 2470 mites examined 55 peveent were females, Female mites reared from
dentoreniphis and dsolated Trom males did not aviposit whereas Females disseeted
from beotle galleties laid eogs. Cliromosome counts of tissue from the gonads
of male and female mites revealed the 20 noumber 1o be 26 in hoth sexes (pl, 23,

TABLIE 25
Avprsoe Damy Congestrtos or Trs conreers Egas avn/on
Litivas ny Cereoueres coptoNorrs ovek Tex Dats

X omraher of mrgn® wod Cor lurvae conmumed Sdngy for each af § mitens
Sox TRaplirine Tkl - o
1 1T 11t Iy W
1 T 1.4 .5 11 4 0.6
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2 [i] [ (ERU ] LI 1.7 0.7
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® Emch mide woas oflese] Diyve epgs duily.
| Burvived lesa chon ten duyn,

At milotie metaphase the chromosomes meoge in siee from sbout T Lo 3.0
The similority of Lhe chromesomes in size pnd shape al mitotie melaphase did
not permil dencifieation of the sex chromosome.

Feeding habils—Numerons nematode speeies oceur in the galleries of Tps con-
Trsus, but members of the families Rhabditidae, Allaotonematidae, and Diplo-
rasteridae were most commonly encountered. All stages of € eoclonoduz were oh-
gsepved by fesd on Creediving diplosasterids and adalt mites will alse devour
the Tree-living stages of the allantoncmatid, Condartylenchus elongatus (Massew ),
The incidenee of €, clongatus pnd diploristerids phoretio on T, confusis is givon
in tnhle 27,

Chther mites inhabiting fpe pallevivs, sueh s Meovveofoles howdveaurt (Kreantz,
18651 and Pigemasellus guadeisotus (Kinn, 19670 are also known to Tead upon
nematedes, However, N, boudeeaist caplures and feeds on other mites and £,
quadriselus Teeds primarvily on immature bark heetlos, In contrast, Cercoleipus
corlonoluy appears to prefer nematodes over other prev, In the absenee of nema-
Lirles, €. coelonatus was observed to artack, kil and feed upon 0. quedeizetus,
Ch several oecasions adalt Demales wore observed Gebiting Tor and Feeding upen
the body of o dead male €, coclonotus, TMowever, 1 is not koown whother {his
spoeled petunlly kills individuals of it own speeica, Tmmature O, corlopains Five
bewrr whserved to Topd npon Punal oveelin,

Individually eonfined (1 coelonotus adults veensionally feed wpon Fps cges or
larvae T seldomn take move Hhan one individual per dige (table 283, While Teod
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Fig. 3. Foad chiain relationahips smong some of the mite speeies, Tangl, and sematodoes fonnd in
the galleries of Ips confusus, Broken lines indiente possible food rolationships,

ing the palps arve appressed against the epg or larvae and the ehelicerae move
alternately back and forth. The mite supports itself by legs I1I and IV and grasps
the prey with legs IT while the forelegs are raised above the body. Although eom-
pletely flaeid larvae have been found, mites were never observed to suck the entire
contents from an egg, although they returned several times to feed. One mite
was ohserved feeding for 15 minutes upon a larva before it was abandoned.

Cercoleipus coclomotus will walk over nematodes without feeding unless one
is contacted with the palps, which are alternately tapped on the substrate. When
this occurs the chelicerae are rapidly extended and the nematode is grosped with
tha chelae and drawn into the oral eavity, This is a rapid process and is easily
overlooked by the observer. Disscetion confirmed that the nematodes are ingested
intact.

Many mites appeared to die of starvation in the rearing boxes althongh nema-
todes wers plentiful. The searching area may have been too large for the mites
to eneounter prey. Turmbull (1965) showed that eonfining prey in a spider’s im-
medinte environment did not insure that the prey would be eaptured. After
feeding upon a4 nematode the mite walks in widening eireles tapping the sub-
strate rapidly with the palps. If nematodes are not encounter, it wanders away,
Adult €. coelonotus often cluster around the eandal region of female Tps and
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feod npon the numerans immature Contortplenchus elongotus that are eliminated
b the beetles, The fourth instar larval nematodes are eliminated by the beotle
and maolt te adults in the beetle galleries (Massey, 1H62; Niekle, 1963a) .

Other mite assoctates—Cevecleipus coelonatus phoretie on Ips in turn serve
A% transpor), hosts for dinoctid hypopl, The beetle host 1s shored with numerons
othier mite gpeeics mogt of which are not intimately sssociated with O, coplone by,
Cerealodpus coplonatus prevs upon B, gquadeiselus while o parasitid of the genns
Eugamasus appears to be o geneval predator (Hse, 19640 which was obsersed
to attaek, kill, and feed upon sdult O, goclonotus sy well as lmmaiure members
of their cwn speeics; The dentonymphs of this genus are phoretie not only on
Ipe but alzo on tencbrionids which eoter the heetle zalleries.

Adult Procloleclape sp. feed npon beetle epes, and immature uwropedids were
goen to feed upen both nematodes and funpal myeelin, Cercoleipus coelonolus
was nol seen proving upon either of these species or the acariform mites present
in the gallerics, Likewise, prodaceons Cheletaphyes, which often share the sone
boetle with adult O, eoclongtus, have not heen observed as o predator or prey of
£, roelomalys,

Some of the known relationships ameng the various mite inguilines, parasites,
nndd predators Townd in fpe palleries are illusteated in te 5. The solid lines repre-
sent food ehining observed during this investioation and those reported inthe Hieea-
ture, ‘The species toward which the arrow points is killed, with the exception of
L. confusus mfested with nematodes, In these feenndity is redueead,

CoMOLURIONE

The ahility of adult Cercoledpus codlonotis to mrevive ahoat 15 dayvs withont
food indiestes that some Dadividuals will suevive the phoretie period until new
pallivies are established Ty the pmerging beetles iooonew host, Female O coclonolus
are probably inseminated prior to beeoming phoretic.

Althongl bark beetle eges and larvae are destroved by O ceelonotus when con-
fined together in the lahoratory, this mite prevs primavily on nematodes belongine
to the Diplogasteridae and Allantonematidae n the gallevies of Tps confusus, A
sitgle adult I, confusus may contain a8 many as 7500 laevae wrd epes of Con-
tortylenchus elongetuy (Nickle, 10630 and within an Tps population the infesta-
tion fevel may be 50 peveent {(Nickle, 19634} o higher as olwerved during this
study, Massey (1960, 19627 atteibuted 4 48 to 70 pereent reduetion in the sige
of I, oo fusws broods to € elangatus, The econsumption of endopaensitie nematodes
big 7, caelanotus and its ability to destroy other mites, especially prediecons gpecios
such as DHgamaselfus gueerisetus, may reduee moriality-of beetle hroods,

SUMMARY

Male and female Ceresleipus cadlonofus are ploretie on fpe confusus and 1,
mentanus in preference to other bark heetle speeies, but they do ned usually prey
upon any stage of the beetle, Phoresy is slightly inhibited shen the substrate is
meist, Ag the phloem moisture deereases and tempersiure inereases within the
mallevied, the mites become wore aetive gnd readily mount beetles, The inerease
in temperature which gecompanivs the deving of the phloem results in greater
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locomotor activity of the mite which inereases the possibility of contact with
beetles. Mites mount the bectles belore they emerge, or as the beetles move over
the bark surface prior to flight, They grip the beetles with the ambulaera of legs
-1V and fasten tha chelicerae on a seta, Usually only one or two mites are
found per beetle, Flight initiation of heetles carrying one or two adult . corlonatus
is mot affected, but flight veloeity is deereased,

Onee the beetles alizht on the host tree the mites dismount and wander over
the: bark surface before entering the gallery, They wallk along the galleries tap-
ping the substrate with the palps and feeding upon nematodes when they are
eneountered, Mated females oviposit on the gallery walls, often near a beetle vor
niche, The eggs ave covered with particles of boring dust and broken feeal pellets
irom the beetle. Adult mites prefer temperatures between 20 and 26° O, ageregate
in areas of highest relative humidity, ave positively thizmotactic and are attraeted
toradnlt Tps spp. by olfactory stimuli, Adults are attracted o the odor of fresh
phloem and probably enter hectle galleries in vesponse to this odor, Ones within
the galleries rvate of locomotion deercases in response to lower temperatures. A
positive taxis to phloem brings the mite into a region of high humidity and the
Iatter inhibits phoresy. They exhibit an orthokinetie response to elear light but
do not respond to color or gravity,

The lite eyvele of €, coplonotus is completed in 18 to 58 days at 23+ 17 O and 100
pereent relative humidity, The average time requived from oviposition to molting
to the adults is 31 days Average durations of cach stage are: ege inenbation, 7
days; larva, 6 days; protonymph, 9 days: dentonymph, 9 days, Nutrition appears
to he the primary Taetor influencing the length of each stage. Virgin females
in the absence of males will not oviposit and the 2n ehromosome number is 26 for
both sexes which indieates that the sex-determining meehanism is not a haplo-
diploid type.

Adults prefer to feed upon the free-living instars of Confortylenchins elongatus,
an important endoparasitic nematode of Tps confusus, and all stages will fead
upon nematodes belonging (o te Diplogssteridae, Adult €. coelonatus will also
feed upon an important mite predator of 1, confusws cpes and larvae, Digamasellys
guadrizefus,
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